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Contributors and Contributions 





The Sperry Compound Diesel Engine 


One of the interesting 
events of the recent A.S. 
M.E. Annual Meeting was 
the presentation by Dr. 
Elmer A. Sperry of a paper 
abstracted in this issue in 
which he outlined the steps 
taken in his solution of the 
problem of compounding 
the Diesel engine. Dr. 
Sperry, who has been at 
work on this problem for 
twenty years, is perhaps 
best known for his de- 
velopment of the gyro- 
scopic compass, which has 
proved so successful. However, he has been engaged 
in many other activities since leaving Cornell in 1879. 
Among them might be mentioned the Standard 
Electric Company of Chicago, the Sperry Electric 
Railway Company of Cleveland, and others in the 
lighting and railway fields. During the recent war 
Dr. Sperry was a member of the Naval Consulting 
Board, which rendered notable service. 





Eutmer A. SPERRY 


Professional Engineering Education 


The A.S.M.E. Annual Meeting session with the 
Society for the Promotion of Engineering Education 
clearly demonstrated the importance of the problems 
involved in our engineering curricula and their re- 
lation to industry. The addresses and their discussion 
appear in this issue of MECHANICAL ENGINEERING. 

Two of these papers present the needs of the indus- 
tries. F. C. Pratt, a graduate of Sheffield Scientific 
School, was for several years connected with Pratt 
& Whitney Co., Hartford, Conn. He then became as- 
sociated with the General Electric Company, of which 
he is now vice-president. He is also preside nt of the 
Yale Engineering Association. 

J. E. Otterson, president of the Wincheste Repeat- 
ing Arms Company, New Haven, Conn., was gradu- 
ated from the Naval Academy in 1904 and took a 
post-graduate course in naval architecture at Massa- 
chusetts Institute of Technology. He served as naval 
constructor in both the Boston and the New York 
Navy Yards. 

A. G. Christie, professor of mechanical engineering 
at Johns Hopkins University and chairman of the 
Power Division, A.S.M.E., has had a broad experience 
in steam turbine work, both in this country and 
abroad. He has also taught mechanical engineering 
at Cornell University and steam engineering at the 
University of Wisconsin. 


Steam Power Plant Heat Balance 


C. Harold Berry and F. E. Moreton are co-authors 
of the heat balance paper in this issue. Mr. Berry 
is a 1912 graduate of Cornell University and served 
as instructor and assistant professor of heat power 
engineering at Cornell until 1918. Since 1919 he has 
served the Detroit Edison Company as _ research 
engineer and at present is engaged in technical ad- 
ministration work relating to design, operation and 
maintenance of steam power plants. Mr. Moreton 
is also connected with the Detroit Edison Company. 


The Prevention of Waste in Industry 


Major Fred J. Miller, with his long A.S.M.E. 
service record, needs no introduction to readers of 
MECHANICAL ENGINEERING. His address at the lead- 
ing session of the recent A.S.M.E. Annual Meeting 
was inspired by his association with the work of the 
F.A.E.S. Committee on the Elimination of Waste and 
its contents are based on long experience in the manage- 
ment of industry. 


Process Charts 


An interesting method of pointing out weaknesses 
in methods of manufacture was presented by F. B. 
and L. M. Gilbreth at the Management Session of the 
A.S.M.E. Annual Meeting. Their paper is given in 
this issue. Although the name of Gilbreth is most 
closely associated with motion study, this remarkable 
couple has achieved much in other industrial applica- 
tions of the science of management, notably in psychol- 
ogy and fatigue studies. Their present paper dis- 
closes the method used in analyzing the manufacturing 
processes of an industrial plant. 


Commercial Flying 


A new system of transportation can be founded 
only on facts derived from experience. In his Annual 
Meeting paper, abstracted in this issue, Major L. B. 
Lent has contributed some of these necessary facts 
of great importance to the developing of commercial 
aviation. Major Lent served with the Aviation 
Section of the Signal Corps, on active duty at the 
Curtiss Aeroplane Co., Buffalo, and later was com- 
missioned Major in the Air Service and stationed 
with the 122d Aero Squad at Camp Alfred Vail, N. J. 
He is now president of the Lent Motor Fire Engineering 
Corporation, New York City. A further contribution 
to this important subject was made by R. B.C. Noor- 
duyn at the Aeronautic Session of the Annual Meeting. 
His paper will be presented in the February issue. 


Wireless Control of the *‘Iowa” 


Rear-Admiral tobert S. Griffin (Retired U.S.N 
Hon. Mem.Am.Soec.M.E., has given an account in 
this issue of the detail of the wireless control of the 
Iowa when undergoing the recent bombing tests 
An opinion has been advanced that the methods 
successfully used on the Jowa may be of future value 
for the remote control of steam power stitions. 














A.S.M.E. Issues New Publication 





Part Two of MECHANICAL ENGINEERING 
has been superseded by A.S.M.E. NEWS, a 
semi-monthly publication for the member- 
ship of the A.S.M.E. 


A.S.M.E. NEWS willincrease the value of 
the Employment Service and will carry im- 
portant items of the Society affairs. The 
first issue was published late in December, 
1921. 
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S.P.E.E. Joins A.S.M.E. at Annual Meeting 
to Consider Engineering Education 


\ Group of Papers Presented at the A.S.M.E. Annual Meeting, in Which are Presented the Particular 
Needs of the Industries and the Problems that Confront the Engineering Faculties 


(NE of the outstanding features of the 1921 Annual Meeting 

of The American Society of Mechanical Engineers was the 
joint session held on December 8 with the Society for the Promotion 
and devoted to a consideration of pro- 
Four papers 
Scott, presi- 


of Engineering Education, 
fessional engineering education for the industries. 
at this session, over which Prof. C. F. 
P. kX. E., presided, namely: Professional Engineering 
Kducation for the Industries, by F.C. Pratt; A National Policy 
on Engineering Education, by A. G. Christie; College Education 
as Related to Industry, by J. E. Otterson; and The Engineering 
School and Dexter S. Kimball, which latter par- 
took of the nature of an introduction to the discussion of the pre- 
papers. The texts of these papers follow, together with 
a brief abstract of the discussions which they brought forth. 


opened by Professor Scott who presided: he 


were pres¢ nite ad 


ale nt of the e) 


the Industries, by 
ceding 

The session Was 
said in part: 

The industries constitute the organization through which engi- 
neering utilizes the forces and materials of nature and organizes 
and directs human activities for the benefit of man. 

Today the national society of engineering and industry meets with 
the association of engineering educators; this is a conference between 
users and producers of human material for leadership in industry. 

If producers and users of steel rails were in conference they 
would discuss the uses which rails are to serve, classifying the kinds 
of service, considering wherein past products had failed, inquiring 
as to chemical analysis and metallurgical treatment. They would 
seek improvement in production and discrimination in use. But 
the more difficult problem of the human material for technical 
and administrative leadership has received less attention. 

It is easier to analyze steel than students; physical tests are 
definite—psychological tests are still indefinite; it is 
specify materials than men; steel is inert and passive 
alert and erratic. 

But when, if ever, have these leading societies in engineering 


easier to 
men are 


industry and engineering education met together for conference? 
Each society has been engrossed in its own activities for thirty or forty 
Now they are finding something in common. Users and 
producers are in conference. Let us try to agree on what we 
want and then determine how to get it and how to use it. How 
may boys of differing kinds be individually developed and fitted 
to varying needs and opportunities? 


years. 


‘ 
( 
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Second, returning to industr What is the quality ba f 
selection of graduates for an industry Does industry want men 
familiar with current practice en grounded in general prin- 
ciples ready to acquire practi experience rapidly? Industry 
certainly does not expect any graduate to fill any position irre- 
spective of natural ability, aptitude and preference, but what 1s 
the present practice in determining the qualities of the raw ma- 
terial and of adapting it to the needs? 
If some men are needed for research and invention and a larger 


group for general engineering and production and sales and another 
men for each kind 
The inventor, 


men tor 


for executive and administrative functions, are 
of work carefully selected and specially trained? 
the originator is rare. A dozen or a hundred general 
activities are easier found than a single expert or originator. Has 
not much of the dissatisfaction of the past product of the schools 
been due to a misunderstanding on the part of industry as to what 
the college graduate really is and inability to train him in industry 
and utilize him efficiently? 

The technical school has been trying to bridge the old time 
gap between the formally classical and the rigidly scientific. In 
forty years it has made a marvelous advance. The goal of its early 
aims was to produce engineers of materials and But 
there is a new demand for an engineering type of mind for the 
organization and direction of men. Can the same raw matevial 
and the same educational machinery and methods produce both 
What changes will meet the new situation? Are they 
These are the things we are here to discuss 


forces. 


products? 


simple or radical? 


Professional Engineering Education for the Industries 


sy FRANCIS C. PRATT,' SCHENECTADY, N. ¥ 


I URING the year 1920 the General Electric Company, with 
which I have the honor to be associated, took into its « mploy 
400 college graduates, of which number— 
340 were graduates of electrical engineering courses 
20 were graduates of mechanical engineering courses 
30 were graduates of business or administrative courses 
10 were graduates of miscellaneous courses. 
Practically all of the electrical and mechanical engineering graduates 


or 

=- 
or 
~ 


entered into the student engineering courses covering a one-vear 


period which have been most carefully planned at the several 


1 Vice-President, General Electric Company. 


works of the company, while the graduates of the business or ad- 
ministrative courses became members of its accounting department, 
taking 
countancy and commercial law. 


a two-year course in business administration, higher ac- 
Fifteen graduates, including two 
who had specialized in physics and nine in chemistry, entered the 
research laboratories of the company. . 

one-half 


of the young men entering the student courses remain permanently 


The records indicate that over a term of years about 
in the employ of the company in the engineering, manufacturing, 
commercial or administrative depart me nts of its general and district 
offices, or of its works. 
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In entering into the daily work of a great industrial organization 
these young men come into contact with actual manufacturing 
and business conditions and acquire self-confidence and a practical 
experience which, in my opinion, the colleges cannot and should 
not seriously attempt to impart. 

I regard it as an exceedingly healthy sign that there are so many 
inquiries being made as to our methods of technical education, 
but, at the same time, I want to say that the young men who, dur- 
ing the past few years, have entered the employ of the company 
with which I am associated, have, on the average, been better 
prepared mentally, physically, and morally than ever before. 
This is a very broad statement, but a most careful study of the 
conditions and the many inquiries made of our leading men who 
have the opportunity to come in close contact with these young 
men justify this conclusion. 

During the past two years we have been engaged in reorganizing 
one of our most important designing engineering departments, 
largely increasing the scope of its work and its personnel. In 
recently looking over a report of the organization submitted by the 
engineer in charge, I was struck by the references to two young 
engineers, each of whom had been out of the company’s student 
engineering course for a period of less than a full year. The report 
referred to one of these young men as proving to be a resourceful 
and inventive experimental genius along his particular line of work, 
and to the other as having perhaps the clearest understanding of 
the mathematics of this particular line of any one in the employ 
of the company. 

The line of work is an exceedingly broad one, the engineer in charge 
is a particularly discerning man, and IJ think it a matter of great 
encouragement that talent of such character is being turned over 
to the industries by the educational institutions. It is true that 
the report, in referring to these two young engineers, referred like- 
wise to four somewhat older and more experienced men who were 
reported as also doing particularly notable work in the depart- 
ment. 


INCREASING DEMAND FOR TRAINED ENGINEERS 


I have recently seen a statement that statistics show there has 
been a constant decrease in the number of engineers graduated 
from our American universities. The statistics were not cited in 
connection with this statement, but if, perchance, this statement 
holds true, the tendency would seem to be an unfortunate one, in 
view of the larger demand for engineering activities in our modern 
life, as partly reflected in the following statistics taken from the 
official records of Yale University: 


Increase in all Yale graduates for years 1904 to 1916: 


Law, medicine, ministry and teaching, combined....... 24 per cent 
Manufacturing, finance and mercantile pursuits, combined 83 per cent 
0 Beet eh o yk  e e eeee 160 per cent 


I have also seen suggestions that the number of so-called cultural 
studies should be decreased and greater specialization made in the 
essential subjects of science, mathematics, the native language, and 
of commercial application of what is learned, and that the colleges 
should turn out young engineers whose services are of immediate 
value to the employer without several years of practical experience 
being necessary. 

I have little sympathy with such points of view for many reasons, 
among which are the following: 

While familiarity with apparatus obtained from laboratory work 
coincident with undergraduate studies is of great value in giving 
the students more appreciative knowledge of their subjects, as are 
also frequent visits to, and summer work in, industrial establish- 
ments during the undergraduate period, yet I am confident that 
nothing which the colleges can give can take the place of the prac- 
tical experience gained in the atmosphere of an industrial organi- 
zation, bringing with it an intimate knowledge of both methods 
and men with which and with whom one’s life work is to be asso- 
ciated. In my opinion the time in college is so valuable that it 
should be primarily devoted to those things which can only be 
acquired later with a great deal of difficulty, the fundamentals 
necessary to all advanced study. 

Earnest efforts are being made to combine the advantages of 
instruction in. theory with those of practical experience by co- 
operative courses, carried on jointly by educational institutions 
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and industries. A final opinion in regard to the effectiveness of 
these courses must, it seems to me, be held in suspense awaiting 
more extended .experience with them. 


Too EarR.y SPECIALIZATION RESULTS IN DISPROPORTIONATE 
NUMBER OF MEDIOCRE ABILITY 


My observations also lead me to the conclusion that the per- 
centage of those who fail to attain a reasonable degree of success 
is greater in the group of men of mediocre ability but narrowly 
specialized education than in almost any other group coming within 
my knowledge. Such men, unless extraordinary vigilance is exer- 
cised by those in charge, become permanently attached to an organi- 
zation doing specialized work for which they have no particular 
adaptability, clogging the opportunities for younger, more able 
and progressive men to advance. It would have been far better 
for such a man if the head of department had, at the end of one or 
two years of employment, recognized the circumstances and frankly 
informed him that he was not likely to make a success in the pro- 
fessional work which he had undertaken, and advised him to enter 
into some other vocation. 

If I were to make a broad criticism of our methods of engineering 
education as it exists today, I should base it upon too early speciali- 
zation of the student, resulting in the turning out of a dispropor- 
tionate number of men of the class to which I have just referred, 
i.e., those of mediocre ability and narrowly specialized education. 

I should be disposed to strongly criticise another condition in 
our colleges which I recognize as an exceedingly difficult one to 
overcome, and that is, as the result of the high degree of standardiza- 
tion, induced perhaps by the numbers who have to be taught, the 
more brilliant men in the class are retarded in their progress by 
the requirement of a standard which can be met by the less capable 
students. If we are not only to attain, but also maintain, great 
eminence in the engineering professions in America, we should, 
and I think must, devise some means whereby the more promising 
students can with greater facility advance with breadth and thor- 
oughness in their work. 

It is, I think, significant that in the organization with which I 
am in daily contact, a noticeable number of our most accomplished 
theoretical engineers and research laboratorians have either pur- 
sued post-graduate studies at European universities, or else have 
had all of their scholastic training abroad. This may suggest an 
opportunity for American educational institutions which is not 
fully met at the present time. In this connection I think that the 
colleges should sternly resist the temptation to enter into specialized 
fields which are adequately covered by kindred institutions, and that 
better results would follow if, in general, each endeavored to main- 
tain the strongest possible staff of teachers to give most thorough 
instruction in the fundamentals of the sciences, engineering, econo- 
mics and languages, and confine its specialization to such work as 
it is preéminently fitted to carry out. 

The industries need administrative men well versed in the sciences 
and in engineering, in order that they may lend appreciative and 
sympathetic support to the technical developments, which are, 
in fact, the very life blood of the industry and on which its future 
primarily depends. That the colleges of the country are alive to 
this need, is evidenced by the number of courses which have in 
recent years been established, teaching the fundamentals of the 
sciences, engineering, economics and languages, and variously 
referred to under the names of administrative engineering, com- 
mercial engineering, or other courses. 

While it seems to me probable that a much larger proportion of 
the graduates of such general engineering courses will be utilized 
by the smaller manufacturers rather than by such highly specialized 
organizations as pertain to the electrical industry, yet I want at 
this point to put in a strong plea for the more thorough appreciation 
and use of technical graduates by all industries, both large and small. 
It is, of course, apparent that a college education is not in any sense 
the only road to industrial accomplishment, and, in fact, some of 
the ablest engineers and administrators of my acquaintance have 
secured the fundamental knowledge upon which their life’s work 
has been based while persistently working in practical fields and 
without having the foundation of a college education. One fre- 
quently finds, however, in such cases, that the individual’s develop- 
ment had been profoundly influenced by close association in his 
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work with a master mind, who, in reality, became a great teacher 
to him. 


NEED OF THE INDUSTRIES FOR STRONG DesiGNING ENGINEERS 


The industries need strong designing engineers thoroughly versed 
in the theory and practice of the art, who have such knowledge of 
material values and of men as to render their work effective. In 
general, the industries must look to the colleges for young men who 
have the knowledge, the enthusiasm for constructive work and the 
patient tenacity, which alone go to make up a successful designing 
engineer. In many respects the loss of a good designing engineer 
to an industry leaves a vacancy which is harder to fill than almost 
any other, as preéminence in design can only be attained through a 
happy combination of natural ability and of knowledge and ex- 
perience gained by years of intelligent and. exacting work. Owing 
to the highly developed state of the art there is undoubtedly a great 
deal of routine work to be done in designing engineering, which is 
not inspiring to young men, and experience indicates that a diminish- 
ing proportion of technical graduates is drawn toward this most 
important branch of work. While this must, I think, necessarily 
be one of the problems for the colleges, it is also one of very imme- 
diate concern to the industries, demanding the most resourceful 
consideration. In general, the goal of success in design work seems 
more remote to the young graduate than in other branches, and 
also the character of the work more exacting and confining. On 
the other hand, this fascinating field of investigation, research, 
and constructive accomplishment should appeal most strongly to 
one who has the imagination and courage to look well into the 
future, and the stamina necessary to accomplish a difficult task. 
I feel certain that far too many capable young graduates sacrifice 
their greatest ultimate development by yielding to the temptations 
of early rapid advancement along the easier lines, without suffi- 
cient thought of the future. 

I wish only to add one thing more, and that is to point out the 
wonderful opportunities which modern industry offers in its re- 
search laboratories to specially talented and most highly educated 
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technical graduates. The colleges must, I am sure, be most liberal 
in providing instruction and laboratory facilities for the growth of 
such picked students, and in inspiring them by the work and ex- 
ample of a few really great teachers. 

SUMMARY 

1 A careful study of a large number of college graduates employed 
at the several works of the General Electric Company indicates 
that our educational institutions are developing young men of real 
ability for the industry. 

2 The suggestion that is sometimes made to reduce the amount 
of cultural studies in order to more intensively specialize on tech- 
nical subjects, is not viewed with favor. 

3 The time in college is of such value that it should be primarily 
devoted to those things which can only be acquired later with great 
difficulty. At best, the student cannot hope to attain in college 
the well-rounded knowledge and practical experience that are to 
be gained in an industrial organization. 

4 A broad criticism of methods of engineering education is that it 
undertakes too early specialization of the student. Another is the 
lack of facility offered to the more capable students to rapidly 
advance. 

5 Suggestions for modification and improvement of American 
educational methods may be gleaned from the fact that a noticeably 
large number of accomplished theoretical engineers and research 
laboratorians have either received all their education or pursued 
post-graduate courses at European universities 

est results may be expected if each educational institution will 


} 


strive to maintain a highly capable staff of teachers in the funda- 


mentals of the sciences, engineering, economics and languages 
and restrict specialization to only that work for which it may be pre- 
eminently qualified. 

6 The teacher in engineering courses should constantly emphasize 
to those students who show special aptitude the great need among 
the industries for able designing engineers. 

7 Through its research laboratories modern industry offers to 


specially talented and highly educated technical graduates wonder- 
ful opportunities for development. 


A National Policy on Engineering Education 


By A. G. CHRISTIE,' BALTIMORE, MD. 


[\ one of the recent Aldred Lectures, Mr. Arthur West said among 

other things: “It is to my mind one of the greatest functions 
of the technical school to seek out from among its students those 
who have a natural aptitude for the profession and to help these 
men to the utmost if in addition to their technical abilities they show 
the character necessary to make such help worth while. I counsel 
the careful and painstaking education of the best students even at 
the expense of the mediocrities that exist in all student bodies. It 
should not be the duty of the faculty to nurse along the ‘dubs’ of 
the class to a precarious graduation. What modern civilization 
needs is not more engineers but better ones.” 

Dean I’. L. Bishop is reported to have stated at a meeting in New 
York last spring that there is no first-class engineering school to be 
found in America. Dr. Comfort A. Adams supported this state- 
ment and guaranteed that he could prove in a five-minute oral 
examination that 98 to 99 per cent of the graduates in electrical 
engineering from any institution in the country did not understand 
in a thorough fashion the fundamentals of the subject. 

One is led to conclude from the above remarks that the engineer- 
ing world desires only first-class men, but that the engineering 
colleges of this country are unable to furnish such men. Since 
the late war this country has been the world’s leading nation. If 
the United States would continue to hold this foremost position it 
must become a leader in the arts and manufactures, in culture and 
education, and particularly in engineering education, for our modern 
civilization depends to such a great extent upon the work of en- 
gineers. If it is true that we have no first-class engineering schools, 
it is time that earnest inquiry should be made to determine wherein 
we are lacking and what remedies should be immediately applied. 
This is a national matter, for national leadership in manufacture 


1 Professor of Mechanical Engineering, Johns Hopkins Uuiversity. 


Mem. 
Am.Soc.M.E. 


and commerce depends on engineering achievements. A national 
policy on engineering education is therefore a pressing need at the 
present moment. 


WorkK IN ForeIGN CoLLEGES GENERALLY OF MorRE 
ADVANCED CHARACTER 


When discussing the requirements of a first-class engineering 
college, it is instructive to consider the leading engineering colleges 
abroad. Before the war some of the German technical schools 
were regarded very highly. Those at Charlottenburg, Dresden 
and Munich shared with the Zurich Polytechnic of Switzerland 
the reputation of being in the first class of continental engineering 
institutions. Foreign students, including Americans, were at- 
tracted to these schools in large numbers and this further increased 
their reputation. These colleges had first-class men on their staffs 
and in general instruction was of a high order. Particular emphasis 
was laid on fundamentals of engineering and on research. The 
German states were liberal in their financial support of such in- 
stitutions and the professors were comparatively well paid and 
enjoyed a high social standing. These professors did a relatively 
small amount of teaching and devoted their time principally to 
research and to the leisurely study of their specialty, on which they 
generally wrote extensively. 

Much of the actual experimental work in research in these 
foreign schools was done by graduate students and by paid as- 
sistants, of which latter there were sufficient numbers to readily 
‘arry on the work. The instructional staff did little clerical work 
and practically no student advisory work, as we know it in America. 
Therein lay the weakness of the German system. Great care was 
taken to impart exact technical and scientific knowledge to the 
students, but little thought was given to the development of char- 
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acter and personality. A recent speaker commenting on this fact 
stated that British and American engineers are frequently placed 
in executive charge of large enterprises, while continentally trained 
engineers are employed by them to do the designing and computing, 
character, resourcefulness and ability to handle men governing the 
selection. 

A factor that has considerable influence on the courses offered 
in any technical college is the character and degree of advancement 
of the work done in the preparatory schools. In this particular 
the continental technical schools are particularly favored, for in 
general more advanced mathematics and physics, together with 
more cultural subjects, are taught in their preparatory schools than 
in American high schools. In fact, the equivalent of the first 
year’s work and often a portion of the second year’s work in Amer- 
ican engineering colleges is required for entrance to the continental 
technical school. Consequently the work in these foreign colleges 
is in general of a more advanced character than here. Furthermore 
the students are older and more mature at entrance to such conti- 
nental colleges. 

An attempt is being made in Great Britain to build up a first- 
class engineering school at the Imperial Technical Institute, London. 
The war, however, prevented full development of these plans 
as soon as was hoped might be possible. 


CONDITIONS IN AMERICAN COLLEGES 


Let us now consider conditions in American engineering colleges. 
These vary from small, ill-equipped schools to institutions that 
should be considered among the world’s best, both in equipment, 
ability of staff, and character of instruction. There still appears 
to be room for all these colleges, even though the character of train- 
ing varies over a wide range. This is due to the fact that the 
technically trained man has many fields open to him after leaving 
college. The demand for men to fill subordinate positions in the 
industries will always take care of the less able men and those 
whose training has been inadequate. The more highly trained and 
more capable men advance to the foremost places in the profession, 
which generally lead to executive positions of a business character. 
An increasingly large number of engineering graduates have busi- 
ness and not technical positions as their sole objective. They take 
the engineering courses in college largely because they believe that 
the thorough analytical methods taught there and the training 
in the ability to “think straight” will be a considerable asset in 
business life. Engineering students may therefore be divided into 
three general classes: (1) Those of a truly scientific turn of mind who 
are capable of grasping and developing theories and of applying 
these to the analysis of engineering problems; (2) men of a practical 
nature, less capable or insufficiently trained to fall in the first class, 
yet very necessary for the subordinate positions in industry; and 
(3) those whose objective is pure business life. The great majority 
of students fall in the last two classes and this influences the char- 
acter of college instruction to a marked degree. Practical labora- 
tory and shop courses are stressed in many colleges and there is a 
steady demand for more and more instruction on the principles 
of organization and business economics. 

The increasing popularity of the engineering courses has led to 
steadily increasing enrollments in nearly all colleges. Instructional 
stafis are overworked and underpaid. To care for this influx there 
seems to be a tendency to organize certain colleges on what would 
be called in factory organization a “quantity production’ basis. 
Large numbers of students are handled according to definite fixed 
plans and personal contact is largely lost between instructor and 
student. A most unfortunate condition exists when an able and 
inspiring teacher is promoted to the head of a department and be- 
comes so loaded down with administrative details that he does little 
or no teaching and loses the opportunity to exert his personal 
influence on students who should normally receive his instruction. 
The ‘quantity production” idea gives little or no opportunity for 
character building, which after all is the true basis for success in 
after life. Where students are handled in quantity the men auto- 
matically recite, work up laboratory reports, and pass examinations 
with very little opportunity for independent thought or action 
along technical lines. 

Engineers in practice frequently criticize the engineering colleges 
very harshly for turning out graduates with seemingly inadequate 
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training. Usually these critics have lost their proper perspective 
or have forgotten just how little they themselves knew of their 
specialty when they entered college and when they were graduated. 
They fail to fully appreciate the character of the boy as he enters 
college and with whom the teaching staff has to deal. 

it has already been pointed out that the average student entering 
American engineering colleges is younger and less thoroughly 
prepared in fundamentals than the continental student. The 
American boy has several things in mind when he enters an engineer- 
ing college: First and foremost, that the training will enable him 
to earn a better living than if he were without training and therefore 
he favors practical courses to pure theory; second, that athletics, 
fraternity life, and other college activities are almost if not actually 
of equal importance with instructional courses; and third, that his 
four years in college before entering a cold-blooded business world 
are going to be the happiest in his life and he must not fail to have 
good time during his college career. 


WHAT 


ENGINEERS DEMAND OF THE GRADUATI 


Such in general are the motives and ideals of the undergraduate 
of the technical college. What do engineers demand of the g id- 
In the opening paragraph Mr. Arthur West calls for better 
engineers by a process of selective education of only the most promis- 
ing men. In what way must he be a better engineer? In the 
Report of the Carnegie Foundation for Engineering Education by 
C. R. Mann, it is pointed out that practising engineers stated the 
desirable qualities of an engineering graduate in the order of their 
importance as character, judgment, efficiency, 
men, knowledge and technique. 


uate? 


understanding of 
Particular attention should be 
directed to the fact that technique, in which the continental graduate 
excels, is placed at the bottom of the list, while character holds 
first place. A recent survey by C. I. Magnusson! indicates that 
character is still considered of first importance but should be com- 
bined with a truly professional idea of service, and also that thor- 
ough training in fundamentals is more necessary than specializa- 
tion. 

Character building, tact, initiative, thoroughness, ete., can be 
developed best in the undergraduate by intimate contact with 
high-grade instructors, and by participation in college activities 
and athletics under more or less faculty supervision. This may be 
achieved in the smaller colleges, but unfortunately only a few have 
adequate laboratory equipment and can afford to secure the best 
men for their staff. “Quantity production” in larger colleges 
must be replaced by smaller groups of students and larger, less hard- 
worked, and better-paid staffs if the best results are to be secured. 
The adoption of a common code of ethics by all national engineering 
societies and the requirement that every graduate in engineering 
affirm this code would greatly increase the graduate’s sense of 
responsibility to his profession and would certainly tend to elevate 
its ethical standards. Thoroughness and accuracy can be developed 
by problem work, and particularly by recitation courses. Personal 
contact of students with faculty is probably most highly developed 
under our American student advisory systems. 

A limited student body has been characteristic of certain of our 
best medical The Engineering Department of Johns 
Hopkins University since the war has deliberately attempted not 
only to elevate the standards of instruction, but to limit attendance 
among the upperclassmen to a small number of men. An attempt 
is thus made to retain the better men only of the first two years. 
This permits the most efficient use of facilities without overcrowd- 
ing, and retains close personal contact between student and instruc- 
tor. Furthermore, greater emphasis is laid on fundamental theory 
than on informational and special applied courses, leaving the 
latter for advanced study. 

When due consideration is given to the age at entrance and to the 
preparatory training of our freshmen, it is obvious that one cannot 
expect a finished engineer at the end of a four years’ course. The 
criticisms of the undergraduate work of our colleges by Dean 
Bishop and Doctor Adams seem therefore unfair. 

Students in law and medicine are generally required to have a 
collegiate degree before taking up professional work. Such a re- 
quirement would unquestionably produce a better class of graduates 
if applied also to the engineering colleges. 


schools. 


The profession as a 
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whole, and particularly employers of engineers, have, however, 
offered no special inducement to the colleges to develop such men. 
In fact, with the large number of graduates of the second and third 
classes mentioned above, it is doubtful whether the time and ex- 
pense of such training can be justified or is needed. 


GRADUATE WorkK SHOULD BE CONCENTRATED INCERTAIN SELECTIV! 
CoLLeGES GIVEN STRONG FINANCIAL SUPPORT 


What about the highly trained engineer and the research engineer 
comprising the first class? This is the class of men on whom Amer- 
ica must depend for future leadership in engineering. These men 
form a relatively small proportion of the graduating classes. Their 
training, however, should be of broad character during the early 
part of their though in regular undergraduate courses 
this selective education is seldom possible, and later they should b 
further developed along certain specialized lines. Such men would 
undoubtedly benefit by collegiate courses before taking up en- 


courses, 


gineering training. It is not possible however, to select from a group 
of applicants for admission to college the men who will later develop 
and who are worthy of the most extensive 


Some plan must 


into the best engineers, 
training. therefore be developed which will 
permit these specially gifted men to be given advanced training and 
work. Many neither the 
money, facilities nor staff to offer adequate graduate work in all 
branches of engineering. It would therefore seem best to 
centrate our graduate work in certain selected colleges which should 
receive the strong financial support of the industries and of the 
Government and the moral support of the profession at large. If 


to carry out research colleges have 


con- 


scholarships to these graduate schools could be provided for the 
best undergraduates from all engineering colleges, well-developed 
technical men would be available to the industries who would equal 
if not surpass the continentally trained men. The requirements 
for admission at such graduate schools should be very rigid so that 
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By J. E. 


(THE pedagogue is interested primarily in the process of edu- 
cation. The interested primarily in_ its 
product. The student upon graduation, must pass from th 
supervision of the ped: 
trialist. 
It seems fair to assume that 


industrialist is 
wogue to the critical survey of the indus- 


the purpose of education is somethi: gz 
acquisition of knowledge. The industrialist 
The student is like ly to 
find upon graduation that those things which he has regarded as 
the purposes of the educational processes through which he has 


more than the mere 


is obliged to look for something more. 


passed, now become only a means for the accomplishme nt of the 
real purposes of life. It is in developing this change of viewpoint 
that the student is likely to meet with disappointment, perhaps 
discouragement, and during this period the industrialist finds 
difficulty in adapting the student to his utilitarian purpose. 
Knowledge is not of itself a qualification for large responsibility 
in industry. The encyclopedic type of mind which merely records 
impressions and facts brought before it may lack those qualities 
of imagination and initiative so essential to the accomplishment of 
practical things under adverse conditions, which do not always 
evidence strict conformity to the laws governing recognized and 
recorded knowledge. Something more is required than that type 
of mind which is merely a reservoir containing a large amount of 
knowledge in a static state. 
moves at a tremendous pace. 


Modern industry is dynamic and 

We want, therefore, the type of 
mind that will be immediately energized when the current is turned 
on; the motor type rather than the storage-battery, and when the 
individual progresses to larger responsibility he may be called 
upon to animate, magnetize and electrify other minds about him, 
and to develop the qualities of generation as well as those of mo- 
tivity. 

There are doubtless certain occupations in life where the posses- 


sion of accumulated knowledge is both desirable and essential, 
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only the best men wit adequate preparation could enter 
If the industries demand highly trained men from the colleges 
they must be prepared to make such training worth while. When 


a request is made to an engineering school for a man, if a degree of 


Master of Engineering or Doctor of Engineering is demanded and 
if such men are given preference for positions and are paid some- 
what higher salaries than the ordinary graduate, students will 


anced training 


few and ol 


soon desire to get the ad\ Graduate students in 


engineering will be mediocre character as a rule until 
such an attitude prevails on the part of employers 


The 


requires greater financial support for the colleges, so that an ad- 


new 


national policy on engineering education 


high-grade men may 
secured 


emphasis must be given in instruction during the four-year under- 


equate stall ol be employed ind personal 


contact with students through small classes. Greater 


graduate period to fundament 


il courses, leaving special professional 


training to graduate years. Certain colleges should be designated 


is graduate schools and adequate provision made for their proper 


pro} 
support both by Governme 
by the 


nt agencies, by private endowment, and 
industries. Scholarships should be provided by the state, 
under= 
graduates from all colleges to continue their work in the graduate 
schools. 


and research engineers must give first consideration to the men with 


by industries, or by the profession which will enable eligible 
Finally, employers who desire highly trained technical 


graduate degrees and must be prepared to reward them financially 
in proportion to their extra effort and greater expense in educating 
themselves 

\merica’s industry 
and commerce rests largely on th 


The burden of maintaining supremacy in 


engineer. Let us therefore as 
engineers place before the American people this new national policy 
on engineering education so that our g 

the best fitted in the world to carry 


still 


youns 


men entering the pro- 
fession may be this burden 


further the rt and science of engineering 


and to advance 


Viewed by the Industrialist 


NEW HAVEN, CONN 


but in industry this quality alone will not carry the applicant be- 
vond the lower orders of subordination. He will take his place 


among those 


clerical types that are the handbooks of in- 


stud nt 


dustry; much thumbed and used and frequently showing sig f 
wear and tear and dilapidation; referred to for statement of t 
or formulation of laws but in the emergen of everyday lift 
frequently passed by in the race for accomplishment. Suc re 
not the positions in industry that are difficult to fill. The eney- 
clopedic type is sufficiently common to meet the need and in the 
search for the type with initiative, vision, imagination and dynamic 


force, the industrialist must apply other methods than those of 
The industrialist is con 
with the effect of the educational processes upon the habit nd 
with the 
industrialist 


the school-room examination 
character of the applicant than he is degree of learnit 


which he has attained. The is interested in me ntal, 


physical and moral character rather than in pure intellectualism; 
more in the ability to acquire knowledge quickly through appli- 
cation and concentration than in the immediate possession of 


knowledge. 

The habits of industry should have as 
habits of the student who is preparing for industrial work. In 
passing from student life to industrial life he should be able to 
do so successfully by continuation of the habits he has Acq red 
in his college training rather than by a radical change that pl ices 
him in an unfamiliar environment of work and activity 

His college life should be something more than a mere signal 
drill. He needs the scrimmage and the actual game to develop 
his full qualities. 

Some very practical industrialists hold the view that a college 
education is a handicap to business or industrial success and they 
point to the fact that something like 75 per cent of the responsible 
positions in industry are occupied by men who have not had the 
benefits of a college education but who have gone through the 
school of hard knocks; whose qualities are those of character, 
force, will power, initiative, industry, common sense and human 


their foundatior the 
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understanding. It is indeed questionable whether within the 
limits of the training and experience of a college education these 
qualities can be developed with the same intensity and firmness 
as in the school of life that so closely links accomplishment with 
survival. 

The college education most obviously and surely develops a 
larger capacity for social and cultured life but the social and cul- 
tural taste growing out of a higher education may prove distracting 
in a competitive field where complete concentration of a very prac- 
tical kind is essential to success. 

Without endeavoring at this point to place the responsibility, 
the college graduate who is an applicant for an industrial position 
all too frequently shows no knowledge of the work to be done in 
the field which he is about to enter. He evidences no particular 
desire, ambition or purpose and he has little knowledge of the 
direction in which he is going or desires to go. If an opening is 
offered him, he has no capacity of judgment as to his adaptability. 
He is generally quite willing to leave the question of his future work 
in life to the hurried determination of the industrialist, who in a 
ten-minute interview may attempt to analyze his character and 
assign him to a task in which all parties concerned hope that he 
may be successful. Obviously this is an uncertain and unscienti- 
fic method of directing the human forces set free by college edu- 
cation. 

Small wonder that so many find themselves in uncongenial 
employment, ending in discontent, perhaps discouragement, 
changing from one class of work and finally from one job to another 
without direction or control. 

A force is defined by its magnitude and direction. I am not 
complaining as to the magnitude of this tremendous human force 
launched into the world with each graduating class, but I do re- 
gret the wasted energy that results from its lack of direction. 
Whose responsibility is it then to give it direction? Who is to 
sight the gun? Who is to lay it upon the target? Some such 
directing hand is necessary if we are not to be content with mere 
intellectual fireworks. 


DEVELOPMENT OF PERSONAL TALENTS 


It is of course a question as to how far the college is expected to 
go in fitting men to take their places in a particular line of industry. 
In the ordinary four-year college course it is fair to assume that 
the college can do little more than lay the foundation for subsequent 
intensive training and development for a particular work. I 
am very definitely opposed to the shaping of educational processes 
toward training for a specialized type of work before there has 
been laid a foundation of general knowledge and comprehension. 
The specialization should come after a certain degree of intellectual 
maturity has been reached. I do feel, however, that at the same 
time the mind is being molded and stored with knowledge, an 
effort should be made to determine the talents and characteristics 
that must be the controlling factor in the student’s later life, and 
an opportunity given for the development of those qualities that 
will ultimately express the real character of the individual. 

Our college tests and examinations are primarily directed toward 
the determination of mental attainments as measured by the ex- 
tent of acquired knowledge. I am making a plea for the develop- 
ment of tests of a different character calculated to determine the 
student’s potentiality rather than his static state. These tests 
would be in the nature of or the basis of a psychoanalysis of the 
student’s character through observation of his manner, personality, 
physiognomy, heredity, environment and college career. These 
should be matters of constant observation and record, with par- 
ticular reference to progress and development. These observa- 
tions and records should be the constant study of a skilled psy- 
chologist or psychoanalyst who would take occasion to periodically 
counsel with the student as to his predominant characteristics 
and talents, assisting and directing him to their higher development. 

At a later point in the student’s career, an organized effort should 
be made to acquaint him with the opportunities in the field which 
he is by character qualified to enter, his qualifications being de- 
termined not by the character of acquired knowledge that he 
possessés as defined by the usual academic classification, but 
rather by the qualities of mind and character that give direction 
to his energies. 
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It is not my purpose to attempt to define the organization or 
system by which this may be accomplished nor to attempt to de- 
tail the method of character analysis to be pursued. Presumably 
a broad general classification will be first attempted, to be followed 
by more detailed effort. 


Types or MEN IN INpDUsTRY 

For example: Two distinct types are constantly being recognized 
in industry, namely, the engineering type and the executive type. 

The engineering type of man works for the solution of a single 
technical or engineering problem and is concerned with the 
determination of the solution rather than the application of that 
solution to practical activities. The true type has the capacity 
to concentrate continuously on a single problem until the solution 
has been reached. He is interested in the determination of cause 
and effect and of the laws that govern phenomena. He is disposed 
to be logical, analytical, studious, synthetical and to have an 
investigating turn of mind. The predominating characteristic 
that distinguishes him from the executive is his ability to con- 
centrate on one problem to the exclusion of others for a protracted 
period, to become absorbed in that problem and to free his mind 
of the cares of other problems. He does not submit readily to 
the routine performance of a given quantity of work. He deals 
with laws and abstract facts. He works from textbooks and 
original sources of information. Such men are Edison, Stein- 
metz, the Wright brothers, Curtiss, Bell, Pupin, Fessenden, Brown- 
ing. These men are the extreme of the engineering type, they 
have enormous imagination, initiative, constructive powers. 

The executive type takes the conclusions of the engineer and 
the laws developed by the engineer and applies them to the multi- 
tude of practical problems that come before him. His chief char- 
acteristic is that he works with a multitude of constantly changing 
problems at one time. He concentrates on one problem after 
another in rapid succession. In many instances he has not the 
time to obtain all of the facts and he must arrive at a conclusion 
or make a decision based upon partial knowledge. He must rapidly 
assimilate available facts and fill in what is lacking from the ripe- 
ness of his own experience, frequently calling upon his powers of 
judgment, and even intuition. He is a man of action, boldness, 
ingenuity, force, determination, aggressiveness, courage, decision; 
he is possessed with the desire to get things done, impatient of 
delay. He works from a handbook, a newspaper or nothing at 
all. Such men are Schwab, Goethals, Pershing, Farrell, Hinden- 
burg, Hoover. 

If we have accomplished nothing more than to assist the boy 
to determine whether he is a potential engineer or an executive, 
it seems to me that we have gone a long way. 

The question of whether a man has been trained in mechanical 
engineering or electrical engineering is not half so important as 
whether he is a real engineer or a real executive. I am sure that 
we are all acquainted with hundreds of young men who have made 
their success in some other branch of engineering endeavor than 
that in which they received technical training, and I feel quite 
safe in saying that the qualities of character determine a man’s 
success rather than the particular kind or extent of technical 
knowledge that he has received in his college course. 

Perhaps at the same time that the suggestion is made for the 
amplification of college training so as to include the psychoanalyti- 
cal treatment of the student, it would not be out of place to sug- 
gest that industry take up a similar work on its own account and 
for its own purposes, with a view to confirming or supplementing 
the determinations made in the course of college life. It seems 
obvious that there is a community of interest as between the student, 
the pedagogue and the industrialist, in that all are seeking the 
same end, namely, the development to the full capacity of the 
individual for accomplishment. 

We seek only to avoid the wasted energies, the wasted years and 
the wasted lives; the discredit to educational institutions and 
the loss to industrial and national life. The limitation upon in- 
dustrial accomplishment today is men and the industrialist is 
calling for your assistance in minimizing this limitation. We 
require men rather than students and intellectualists. Will you 
give thought to the direction of the human forces which you 
generate? 
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By DEXTER 6&. 


()** of the most remarkable developments in the last fifteen 
years, perhaps, has been the spread of the use of the word 
“engineering.” The reason for its present extended use is no 
doubt because we lack some adequate term to employ in its place. 
What it means is, we are going to extend the methods of engineering 
to all human activity. First, we have applied it toindustry. Now, 
we are going to apply it to management and then to finance, then 
to the human element, and lastly to religion. With all this has 
come also a clear recognition that there is such a thing as the en- 
gineering type of mind as contrasted with the legal or medical type. 
It is a distinct type of mind, one that employes a certain method 
of attacking problems. 

Every graduate of a technical institution views the matter of 
education through ‘spectacles of his own making. He has some 
criticism to make or some suggestion for his school’s betterment, 
and many of these have been most useful. Every university 
faculty welcomes criticisms and suggestions, because they serve 
to enlighten them as to where they are going and as to what should 
be done with their curriculum. 

In this country the average young man arrives at a university 
at the age of 17 or 18, and is usually graduated at about 22 or 25. 
It is not good to have boys stay in the university too long, for their 
vertebrae become stiff. In the four years allotted to the educator, 
he must take this young man and try to teach him mathematics 
and engineering subjects, train his character; he must further 
teach him English, of which he knows nothing. That, it should be 
noted, is a criticism on the lower grades of school. He must also 
teach him something of the classics, and lastly, must turn him out 
a finished engineer. 

The list of things that must be instilled into these young men in 
four years is a long, long one, and if the faculty to which I have 
the honor to belong should undertake to incorporate in its curriculum 
the one hundredth or thousandth part of the suggestions they 
receive, nothing but chaos would result. 

No man can properly be called an engineer who has not studied 
mathematics, physics and the mechanics of engineering. When 
it comes to the amount or quantities of these subjects, however, 
most men who have given much thought to this problem will 
probably agree that three years are sufficient to give a man a 
thorough grounding in these essentials of engineering training. 
This will leave a year in which the boys may be given some knowl- 
edge of the other fields about which they apparently ought to know 
something. 

One of the first things that was brought to our attention as a 
requisite for the engineer was economics. That was not difficult to 
incorporate. Every engineer is by nature an economist. Every 
great power house is a problem in economics. The engineer studies 
economics quite willingly, and it has become a large part of the 
engineering curriculum. 

The next demand—and an insistent one—was for a large amount 
of work in management, administration. We now have as a last 
demand this matter of human engineering. The engineer ought 
to know a great deal about the human element in industry, but 
generally speaking, he has not in the past been concerned with the 
human element. It has only been in recent years that he has been 
brought into touch with this problem; and, it may be said that 
he has been a little cold-blooded about it. He wants to get things 
done, and means are ways to an end. 

If you are going to have the type of man that does things—and 
remember that engineers are the great ways and means committee 
of civilization—you may do other things, but you may not take 
away those fundamentals and get what I call the engineering type 
of mind. If I were to make any reply to the industrialist who adds 
that we do many of these things in the hope of getting men more 
closely adapted to their requirements, I would say that they, as 
a rule, have not appreciated either this problem or its solution. 
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The industrial leader has seen fit to criticise the university without 
offering many constructive suggestions as to how the problem can 
be solved. One of our great industrial leaders some time ago 
remarked that if he had his way he would put industrial leaders at 
the head of all universities. His argument was that the universi- 
ties are too far away from industry. Well, I hope that they may, 
in some respects, stay away from industry, and I hope there will 
always be in this great land universities where teachers are free 
to teach the truth as they see it. I am free to admit that one of 
the things that must be done is to give these young men some 
knowledge of the human problem and related problems, but I do 
hope there will never come a time when institutions will be adopted 
by industrialists, who have only in mind the peculiar problems of 
industry, and have not clearly in mind that the great hope of 
civilization lies in the engineer, and in making him as ideal as we 
possibly can. 

ENGINEERING EDUCATION DISCUSSION 

Dean A. A. Potter of Purdue University submitted a written 
discussion, in which among other things, he said that our curricula 
are in general designed to teach students basic subjects which they 
cannot acquire by their own efforts after they graduate from 
college. 

Mr. Pratt had stated that the engineering schools undertake too 
early specialization. While the pressure from the outside was 
great for specialization, a study of the present curricula of engi- 
neering schools would reveal the fact that the tendency was to reduce 
specialization and to broaden the training of the undergraduate. 

Carefully kept personnel and academic records should enable 
engineering educators to discover men who are of the inventive 
type and who can be developed into inventors, designers and 
research engineers. The inventive type of student usually shows 
his talents when very young and his training must be entirely 
different from that of men who are to enter the fields of production, 
sales or of public service. 

A curriculum which provides no contact with engineering prob- 
lems during the first two years is bound to discourage many of 
the more practical and ambitious students. 

There is too much tendency in our entire educational system to 
encourage the development of “one text book” people and without 
basing the instruction upon the students’ ability, aptitude, knowl- 
edge and experience. Apparently very little effort is being made 
to discover and to develop the student’s talents. 

Statements have been made that there is a distinct need for mcre 
highly trained engineers. He would like to have the opinions of 
Mr. Pratt and of others from industry as to whether we are justified 
in encouraging students to devote two more years to their prepara- 
tion. To be more specific, what inducements could industry offer 
to our exceptional students if we encouraged them to spend five or 
six years at college instead of four? 

M. W. Alexander' said that meetings like the one in session 
were highly desirable, but they would not bring results. It was 
necessary for the engineering professors and the industrialists in 
each community to come in close touch, so that the former might 
learn from the latter of the progress made in the art and the applica- 
tion of the science and of the adjustment that the engineering 
schools should make as rapidly as possible in order to catch up with 
the rapidly advancing industries. 

A. M. Gieene, Jr.,? speaking of the demands on the colleges for 
specialists, said that these were being met by training men whose 
fundamental work was of such a nature that it prepared them so 
that they were able to think, reason and apply. Personal contact 
was one of the most important parts of the work, but, with the 
increase in size of classes it was growing rather impossible. Some 
of the best work done in preparing men to go out and solve the 

(Continued on page 42) 
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President Carman’s Address 


ANNUAL MeetinG, 1921, Toe American Soctery or MecHANICAL ENGINEERS 


A.S.M.E. Has Emerged From First Epoch Related Principally to Scientific Advancement of Material 


Things and Now Faces Second Epoch 


EFORE discussing the main theme of my address I desire to 
relate some of the principal Society activities of the past 
year. Inthe year 1920 the spirit of unrest that characterized 

the human mind as a result of the years of warfare was at its height, 
and gave expression in most walks of life. It was rampant in engi- 
neering society circles, and it is with great pleasure tonight that 
I give expression to my findings covering the operation of the affairs 
of our Society. 

Our Society is democratic in organization, representative in 
government—its operation is coéperative—its activities extend 
into every part of the United States and are within reach of almost 
every member, and its accomplishments are contributions to the 
welfare of mankind. 

As President I have traveled over twenty thousand miles. | 
have visited and addressed local sections and business organiza- 
tions, carrying the message of engineering ability and its relation 
to the great economic problems of the day. 

I have failed to find “politics,” or any group of men, or any one 
man, governing the affairs of our Society. 

The San Francisco man has as ‘“‘much to say”’ as the New Yorker, 
and the West Coast members of Council and committees are as 
conspicuous as those from any other section; North and South 
East and West, are united. 

There is not anywhere apparent group or faction, friction or dis- 
cord, except the friendly differences of opinion. We are all one 
large family, its members helping each other, all working for the 
upbuilding of our Society. 

One year ago The American Society of Mechanical Engineers 
celebrated its fortieth anniversary. The Local Sections in forty 
cities held meetings, and with glad hearts told of the accomplish- 
ments of the past forty years. 

FORTY years of Society activity, and 
FORTY cities celebrating; 
FORTY—a cardinal number with great significance. 
The “Fortieth” Anniversary is used many times to indicate com- 
pleteness. Israel’s greatest kings each reigned forty years, the 
ancient Venetian court was composed of forty. 

Do these first forty years represent the first epoch in the history 
of our Society? 

Has the epoch been completed? All indications point that way, 
and if it has, then we are now closing the first year of the second 
epoch. In the years ahead I believe there will come the realiza- 
tion that a year ago marked the distinct closing of the first, and 
beginning of the second, epoch. 

The important accomplishments of the first epoch related princi- 
pally to scientific advancement of material things. What is to 
be our aim for the second epoch? 

The beginning of the first epoch was coincident with the beginning 
of a constantly and greatly increasing demand for mechanical 
equipment and allied engineering projects. 

The American Society of Mechanical Engineers has been a 
-splendid copartner in all the technical and scientific developments. 
It has rendered, and still is rendering, a valuable service to industry. 

It was, at its beginning, organized to assist in the solution of the 
great problems of its day. These problems were technical and 
scientific in their nature, and their solution contributed to the rapid 
increase in quantity production, through the aid of mechanical 
appliances. So rapid and complete. was the development that 
many operations were accomplished with little effort on the part 
of man. But in many instances the elimination of the effort 
produced an operation of drudgery—and drudgery always creates 
dissatisfaction and strife. 

If we are to follow the policies of the founders of our Society, 
we, too,-must assist in the solution of the greatest problems of our 
day. 

You will agree with me, I am sure, that the greatest problem 





-the Problem of Human Relationships 


of today is neither technical nor scientific, as applied to material 
things. It is one of human relationships. 

If the problem were only the relationship existing as man to 
man, then it would not be one to be considered by engineers 
But our problem is more than one of man to man; it involves 
not only the relation of man to man, but also the relation of man 
to production—to intense and mechanical production—of man to 
waste of production and consumption, of man and his relationship 
to industry, and of industry and its relationship to man 

In the early developments, engineers as a whole gave attention, 
in machine design, or plans for large projects involving labor, to 
the producing of results, regardless of their effect on the person or 
persons engaged as operators or workmen. 

Today it is and should be necessary to consider the human side 
of quantity production, and since this can best be done in connec- 
tion with technical and scientific progress, it follows that the en- 
gineer, whether he so elects or not, must be the one to assume the 
responsibility, as the technical, scientific, material and human 
elements of progress must be considered collectively. 

Our problem of today had its beginning in the introduction of 
machines and mechanical appliances to production; and with the 
introduction of the labor-saving devices there also began that kind 
of intense, nerve-racking, vitality-consuming labor that has been 
constantly continuing and increasing, until it has produced one of 
the greatest problems that has ever vexed mankind. 
lem is commonly called “Industrial Relations.”’ 

It is true that the origin of labor trouble can be traced back 
through centuries, but those are not the labor problems that give 
expression in organized labor today. 

Coincidently with the demand of civilization for great quantities 
of the articles of its consumption came the necessity for larger 
industries. As these industries numerous, many 
of them combined and formed large organizations for the purpose 
of self-protection, self-advantage, and control of markets. 

Likewise the bringing together of many workmen, each with a 
certain and definite task to perform, gave opportunity for an inter- 
change of grievances and a combined or group effort which has 
resulted in the labor organizations we have today. 

Thus we had, growing side by side, two distinct organizations 
or classes: one, Industry or Capital, the other, Labor Unions or 
Labor. Not only have both of these organizations increased in 
size, but each has combined and federated with others of its kind, 
until both are unwieldy—overgrown, unable to control or direct 
their followers—each seeking the advantage over the other, and 
both actually taking advantage of the great consuming class, 
the Public. 

We have still another complication, a third party—the Govern- 
ment—attempting to direct the other two, and the result is more 
deplorable than ever. 

Since the Government is administered by a class which we in 
America call “politicians,” and since each class has its own interests 
to protect, it follows that no one class should attempt to control 
the other two. 

What, then, is the solution? After years of struggle, after 
countless endeavors from many different angles, the problem 
remains unsolved, and growing worse. There must be 
method that will solve it. 

The party most vitally interested, when rightly led, will be the 
deciding factor—public interest is paramount. What group of 
men is best fitted for leadership? 

The great depression of today has seemingly lessened the ap- 
parent necessity for urgent consideration of the problem, but the 
problem is still with us, unsolved, and with the revival of business 
it will become more acute than ever. 

I recognize in society today the existence of three laws: the 
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This prob- 


became more 


some 








Prevention of Wastes in Industry 


FRED J 


By 


Elimination of Waste in 


to wastes ol time and etiort 


ittee on Industry de- 


HI Comn 
voted 


| ecause these 


most of its attention 


are far more important than wastes by direct 
loss of materials. 

I think I need not dis 
that 


Such losses 


them are now very generally understood and are in use in practically 


cuss the grosser forms of industrial waste 
‘ome from loss in various ways of supplies and materials 
are relatively unimportant and means of preventing 
all establishments in which it 1s realized that the safeguarding ot 
that 
itself. 

I am asked to discuss, not simply wastes in industry, but incen 


such things cost money 1s as Important as the safeguarding 


ol mone’ 


tives for the prevention of such wastes, and here we are confronted 
with the anomaly that those who would be supposed to have the 
greater incentive for the prevention of industrial wastes are found 
to be responsible for 


Responsible, I mean, in the sense that they, the owners an 


the major portion of the wastes that occur 


of industries, are the ones and the only ones, who can 


ans to stop these wastes 


ns to indicate that not only must there be in 
waste, but there must be also a clear realiza- 
irring and 


ot the 


a general under- 


tie, 


preventabie Wastes are occ 


reasons for them and means by whicl 


ented 


It is natural for the normal man to be active in sor 


e Way 


ircely a greater 


either mentally or physically, or both. Chere is se vv 


punishment that can be inflicted upon him than complete, enforced 


1] 


, } 
idlenes uch as results from solitary confinement in a dark cell 


develop and 
make use of the natural desire of the normal individual to be ac- 
and, workers so far as 
possible from such conditions of work as are deadening to ambition, 
to 


along that line than may 


It is perhaps industry’s chief problem to conserve, 


complishing something, further, to relieve 
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ven the simplest efforts in that direction have, in 
excellent for all 
a recently published magazine article the difference was 


initiative and to the creative instinct. 


sults of e many 


CASCS, be n concerned 


In 
clearly shown between having a foreman tell a group of workers 
that other hand, allowing 
the workers themselves to pass to each other and read a letter 
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from a customer saying that unless his order was shipped by a 
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The themselves decided to overtime to prevent 
cancellation of the order. And in all such cases the more ambi- 
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INCENTIVES IN INDUSTRY DEFINED 


Incentives may be grouped in two general classes which may bé 
called the “penalty” class and the “reward” 

The penalty incentives, 
physical punishments, 
they 
there in various forms and there are still too many in our ind 
tries who seem to recognize no other kind; 
true that “he chains.” 

Incentives of the penalty class make people afraid not to do 
the things they are ordered to do. Incentives of the reward class 
tend to make people want to do the things that are expected of 
them. These two classes of incentives of course differ widely in 
their nature; but they differ no more than the results that 
obtained by them. 
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I do not know what course the discussion of this question may 
take here today, but I prefer to confine myself to discussion of the 
reward class of incentives as being the only one worthy of considera- 
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man likes to receive from those with whom he 
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always remembering that workpeople are not, after all, essentially 
different from other people; are at least as readily responsive to 
candid, fair and courteous treatment as are other people, ind also 
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And along with this there must be avoidance of the large indus- 
trial wastes that come from overloaded inventories: slow move- 
ment of materials through the successive operations of manufactur- 
unskilled, inadequately 
manipulation of materials; 


ing: because studied, and developed, 
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place responsibility for delays; failure to clearly distinguish between 
those things which are the worker’s responsibility, the foreman’s 
responsibility, the superintendent’s responsibility and the owner's 
responsibility. 

That all engineer, have their 
separate responsibilities is, in a general way, well recognized: but 
in our manufacturing establishments there is 


these, as well as the designing 


usually no means 
for definitely assigning responsibility in such manner that a record 
is made, clearly showing to all concerned where the r sponsibility 
lies and whose duty it is to take steps to correct the defect, as- 
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The major cause of waste in manufacturing lies in defective ad- 
ministrative methods, for which in general no one is to be 
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blamed, for they are the methods that have the sanction of long 
usage and by them, or rather in spite of them, many successful 
enterprises have been, and are being, conducted. 


Certainly owners and managers are not to be blamed in the moral, 


sense for following well-established methods and practices, and of 
course they should follow them until they become convinced that 
there are better methods and practices that are open to them. On 
the one hand we see employers who are too easily prevailed upon 
by charlatans to take up methods that are little better than a 
group of unrelated “stunts,” and on the other hand those who al- 
ways delay progress along new lines until pretty nearly every one 
else is far in advance of them. 

It is the work of engineers to educate and to show the better 
ways, and I predict that as time goes on our industries will be 
more and more directed by engineers who know how to direct 
them for production and who will regard production and service 
as the prime objects to be attained by an industrial organization. 
When this change has been effected, one of the greatest causes of 
waste will have been removed. 

I could mention entire industries that are in the control of men 
who are little if at all interested in production, but devote their 
entire attention to high finance, which is often crooked finance. 


HuMAN ELEMENT MUST BE RECOGNIZED 


All signs point to new conditions under which our industries 
must be conducted. Improved methods of administration may go 
very far, but however, along with them, and an essential part of 
them, if we are to attain the highest immediate success and prepare 
for still further progress in the future, must be full recognition of 
the transcendent importance of the human element in our industries, 
and means simply must be found to remedy and avoid the condition 
into which so many of our industries have fallen and in which the 
attitude of employers and employees toward each other ranges 
from indifference or suspicion to more or less open and avowed 
hostility and a keen desire for revenge of wrongs, real or imaginary. 

Ambitious men must be expected to have ambition for the wel- 
fare of their families, and from the social, political and industrial 
standpoints this is desirable and indeed necessary if our industries 
are to thrive by rendering service to society. 

Foremen must be looked upon and must regard themselves as 
leaders, inspirers and teachers of their men rather than mere drivers; 
means must be provided by which the value of workers with res- 
pect to a fair standard can be indubitably ascertained and each 
should be unfailingly rewarded in proportion to his attainments. 

Numerous examples, some from my own experience, might be 
given of the successful working of these principles, but as an illus- 
tration of what I mean, I prefer to go back to an incident related 
by Frederick W. Taylor, mainly because it is exceedingly plain 
and simple and also exceedingly enlightening to those who will 
study its full significance. 

You will remember that at Bethlehem, Taylor, by patient, 
careful and really scientific study determined the best type of 
men, tools and methods for unloading ore from railroad cars. As 
results, the men were paid considerably higher wages than be- 
fore, the cost of unloading cars was materially reduced, the men 
were not worked too hard for their physical well being, and all 
concerned were satisfied. 

An establishment located elsewhere learned of this and hired 
some of these trained men, Taylor consenting to their going and 
at the same time telling them he would be giad to have them return 
if, for any reason, they were not satisfied in their new place. 

The men went to work there, working as they had been trained 
to work, but found they could make no showing because they 
were only a few working with many others; their contribution to 
the total work done being therefore relatively small and indistin- 
guishable from the work of the group. In other words, they could 
make no showing of their abilities. 

They asked that they be assigned to definite cars which they could 
unload by themselves—as they had been accustomed to do at 
Bethlehem—and were brusquely told to mind their own business 
and work as directed. 

They quit and went back to Bethlehem, and thus the effort to 
transplant the methods so carefully developed there failed. 

And it failed simply because the human nature of these ore 
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shovelers had been ignored; the management did not do its part by 
establishing the conditions that had been found necessary to 
success. It was a clear example of the old idea that industrial 
efficiency is to be secured by simply hiring the best workers avail- 
able at as low a wage as they feel compelled to accept and then 
driving them as hard as possible. There may have been also a 
thought of the pace-making game which has been so much employed 
and which is still believed in by some employers, though it is ex- 
tremely crude and the workers have very generally taken such 
measures as they can to protect themselves against it. 

It must be recognized that even in the simplest work pride of 
achievement can usually be developed, and that often men will 
work their best only when they are not hampered by conditions 
that limit their achievements or that prevent them from being 
credited with their achievements; especially when they know, or 
believe, that these hampering conditions can be removed. 

It would, I think, surprise a great many of us if we could know 
just how much of the wastes of industry that are caused by care- 
less, inefficient work have a deeper underlying cause in a feeling 
created by the conditions under which men work, that make them 
believe they cannot do what they should do, and for reasons en- 
tirely beyond their control. 

In a certain government establishment to which many good 
workers came during the war, mainly for patriotic reasons, quite 
a number of these men quit because conditions there were such 
that they could not do a fair day’s work, no matter how much they 
might try. They did as much as was customary there, but so much 
less than they had been accustomed to do that they became dis- 
gusted and could not bear to remain. 

It is by no means always easy to say where the blame lies for 
industrial wastes that come from slackness of workers and execu- 
tives. 

Take the case of a machine shop in which it is apparent that 
not much more than half the work is turned out that should be 
done. In many such cases the work has been brought up to the 
full standard by a change in the management, with or without a 
change in staff personnel, but employing the same workers as 
before. 


BetreR MANAGEMENT OFfTeEN Repuces WaAsTE 


Too many there are who would, with all the assurance in the 
world, blame the previous inefficiency entirely upon the employees, 
but the hard fact that such inefficient establishments have been 
in many cases vastly improved by change of management or of 
management methods must be squarely faced if we are to compre- 
hend our problems or succeed in materially improving conditions. 

Especially do we need to adopt such methods of management as 
will enable the facts to be fairly presented to both sides in every 
difference that arises between employer and employee; and ex- 
perience shows that when we have done that, both the employer 
and the employee are far more reasonable and considerate than 
either usually imagines the other to be. 

It is at least as important that all the elements of an industrial 
organization should work together harmoniously and without 
friction as that the different parts of a finely designed and con- 
structed machine should do so. When either does not function 
properly, it is a case for the use of intelligent discrimination in 
finding out the real cause of the trouble and the proper remedy. 
Usually the bludgeon treatment only makes things worse, no 
matter. which side resorts to it. 

Production has been and is restricted by workers, both organized 
and unorganized, and most of such restriction is of course wrong, 
from the economic standpoint, if not ethically. 

In most industries, however, I think it can easily be shown that 
restriction of production by workers is insignificant compared 
with the restrictions caused by financial juggling of one kind or 
another; by avoidable irregularity of employment of labor and of 
plant by presidents or managers who are temperamentally unable 
to make decisions and then stick to them, or are unable to do so 
because they are under the control of men “higher up” who know 
nothing of industrial science, or even that there is any such thing; 
by unnecessarily large inventories and consequent tying up of cap- 
ital that could be otherwise usefully employed; by inadequate con- 
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Forty-Second Annual Meeting of the A.S.M.E. 


Sessions Held Under Auspices of Professional Divisions Consider Elimination of Waste in Industry— 
Honorary Membership Conferred Upon Past-President Henry R. Towne 


IVE solid days of professional and technical features char- 
P  seteries the Forty-second Annual Meeting of The American 
Society of Mechanical Engineers, and in this respect the 
meeting was far greater than any yet held by the Society. Not 
to speak of the social and entertainment features, into these five 
davs were crowded over a hundred professional events. The social 
events were dovetailed in quite satisfactorily, and though the pro- 
gram was so very full, a well-arranged schedule insured the comfort 
of all members and guests throughout the week, with the result 
that there was unanimous agree- 
ment that the meeting was a great 
The thanks of the entire 
membership are extended to all 
committee members who contrib- 
uted in any way to this result. 
Notwithstanding the general 
situation in the engineering indus- 


SUCCESS. 


tries and the surtax on transporta- 


tion—the two factors still operat- 
ing to flatten the attendance 
curve—the registration was 1854, 


which compares very favorably 
As 
it was, the facilities of the building 
were utilized to the full, the 
auditorium and the meeting rooms 
on the fifth floor, as well as the 
“hest parlors” of the other 
cieties in the building being in use 
all the time. 

With set of professional 
sessions on Monday and Tuesday 


with that of previous vears. 


SO)=- 


one 


and another set on Thursday and 
Friday, and with an _ all-day 
Susiness Meeting in between, 
there were virtually two “peaks”’ 
in the week, and most 
from out 


members 
of town welcomed the 
opportunity thus afforded to take 


care of their business and other 
affairs. 
Of the nineteen professional 


sessions, nine were conducted by 
the new Professional Divisions, 
with the result that the technical 
information brought out was of 
a high standard. 

The Annual Conference of Local 
Sections delegates was attended 
by representatives of 44 Local 
Sections. 


Dexter S. KimBaLy 


A more complete treatment of this meeting was given 
in the first number of the A.S.M.E. News issued late in De- 
cember. It may be said here, however, that in addition to 
considering the organization problems of the Local Sections, a 
considerable amount of time was devoted to the proposed Con- 
stitution of the Society. 

The entire day of the Business Meeting was given over to the 
new Constitution and two amendments to the present Constitu- 
tion. The meeting voted to refer the amendments relating to the 
voting of Junior members and the mechanism of amending the con- 
stitution to the membership by letter ballot. The proposed Con- 
stitution was referred to the Constitution and By-Laws Committee 
for further revision and the discussion was carried through purely 
for the guidance of this committee. 

At the Business Session the first award of the A. S. M. E. medal 
was made to Hjalmar G. Carlson for his invention and part in the 
production of 20,000,000 Mark III drawn steel booster casings 
used principally as a component of 75-mm. high-explosive shells, 
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but also extensively in gas shells and bombs. The annual prizes 
for best. papers were also presented at this session. 


The meeting of the 1921 Council, with President Carman 


pre- 
siding, was held on Monday, and that of the 1922 Council, with 
President Kimball in the chair on Friday. The A. 8. M. E. dele- 


gates to the American Engineering Council attended the Monday 
meeting and a large part of the time was given over to a discussion 
of the affairs of The Federated 


| 


American Engineering Societies. 





On Monday the Council, the Local Sections delegates and the 
American Engineering Council 
representatives met at lunch 

Twenty-seven committee meet- 
ings were scheduled on the pro- 
gram, and at least a dozen others 
were held impromptu. The 


Society flourishes in proportion to 
the ] ibors of 
members 


and 


its committee work 
the seven hundred-odd 
who contribute their time 
experience. 

The leading social event was the 
Dinner-Dance at the Hotel Astor 
on Thursday’ evening Four 
hundred participated in this de- 


lightful affair. The Smoker for 
the men this year was held at the 
Fifth Avenue Restaurant, and 
those who were fortunate enough 
to attend enjoyed songs, a few 
clever stunts and a first-class 
dinner. The President’s Recep- 


tion and the Ladies’ Tea were 
equally enjoyable; they were held 
on the fifth floor of the Engineering 
Societies Building which was at- 
tractively decorated. 

The formal excursions included 
visits to the Seaboard 


uct 


By Prod- 
Coke Company, the Essex 
Street Station of the Public Service 
Corp. of N. J., The Davis- 
Sournonville Company, the Ford 
Motor Company, the oil-burning 
plant of the Singer Building and 
the 8.5. Olympic of the White Star 
Line. The latter was the most 
popular for ladies as well us the 
members, and places in the party 
were ata premium. The steam- 
ship company provided tea, and 
the excursion was delightful as well as instructive. 

An innovation this year was a graphic exhibit of the several ac- 
tivities and functions of the Society. 
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This was arranged in the 
Society’s rooms and attracted a great deal of attention and favor- 
able comment. 

The account of the Annual Meeting published here deals partic- 
ularly with the business and professional features. Some of the 
papers have already been published, others are included in this 
issue, and the remainder will follow later. 


President’s Address and Honorary Membership 
Award to Mr. Towne 


O* TUESDAY evening of the Annual Meeting, afte: an inspiring 

address in which he portrayed the Society as having com- 
pleted its first cycle and emerging into a new era, Mr. E. S. Carman 
relinquished the chair in favor of Dean Dexter 8S. Kimball, whom 
the membership had selected to head the Society during 1922. 
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President Carman’s address is published in full in another column 
of this number. 

The ceremony of introducing the new president was carried out 
after the chairman of the Tellers of Election, Dr. H. G. Tyler, 
had announced the result of the letter ballot of the membership, 
taken in the fall, to fill all the annual vacancies on the Council, as 
well as to elect the A.S.M.E. representatives for the year on the 
American Engineering Council, the governing body of the Fed- 
erated American Engineering Societies. The names of all the sue- 
cessful candidates for office were read, and the announcement 
made that they had been elected by practically unanimous vote. 

The new president was escorted to the platform by Past-Presi- 
dents Charles T. Main and Fred. J. Miller. In accepting the 
office, Dean Kimball said that the honor that had been bestowed 
on him held a peculiar significance, because one of his distinguished 
predecessors, Professor Sweet, was one of the first teachers at 





Henry R. Towne 

Cornell University, and another, his great predecessor in office 
at the University, Dr. R. H. Thurston, was the first president 
of the Society. With the honor, however, he acknowledged a 
great responsibility and pledged his very best effort to the members 
and to the Council in keeping the A.S.M.E. in the forefront as 
the highest representative of best engineering thought in the 
country. 


Past-PRESIDENT Henry R. Towne HonoreED 


A further ceremony of the evening was the bestowing of Hon- 
orary Membership in the Society on Past-President Henry R. 
Towne. 

In making the award President Carman expressed great pleasure 
at the opportunity of reviewing the achievements and attainments 
of Mr. Towne, and his work for our Society since 1882, two years 
after its foundation. 

Mr. Towne is a Life-Member. He was vice president from 
1884 to 1886 and three years later served as president. 

In early association with Robert Briggs he carried out numerous 
experiments in leather belting which were accepted as the standard 
for twenty years. He formed a partnership with Linus Yale in 
1868 which resulted in the organization of the Yale & Towne 
Mfg. Co., which Mr. Towne directed as President until 1915, 
since then acting as Chairman of the Board. Mr. Yale having 
died in 1869, the responsibility and credit for the success of this 
firm is due largely to Mr. Towne, who greatly amplified original 
features and embodied with them radical departures in design 
and workmanship, especially in methods of production which 


have become accepted standards of the industry. During thirty- 
six years almost every improvement in locks or lock-making ma- 
chinery came from the Yale & Towne Mfg. Co. Besides locks 
as such, Mr. Towne has become famous also as a manufacturer of 
complete post-office equipment, chain hoists and all manner of art 
hardware, 

Mr. Towne’s unusual combination of business and mechanical 
ability, his keen vision into the future and his untiring efforts to 
create and maintain a product and service of excellence, have made 
him the recognized principal factor in the growth and present high 
position of the lock art. 

His contributions to technical literature and especially to the 
Society’s publications have been numerous and basic. 


Mr. Towne’s REpLy 


In expressing his appreciation of the honor conferred on him, 
Mr. Towne recalled some of the early days in the Society, recording 
how it performed a function of usefulness especially to its younger 
members, as it does today. Then, as now, it trained its members 
in the habits of preparation for the meetings and of presenting 
their work so as to be of interest to others and, he hoped, to the 
community. In other words there has always been the thought 
of service. In this Society service belongs properly first to our 
fellow-members, then to the Society as a whole, the profession, 
and lastly to the community. 

He thought that young men were apt not to realize this possi- 
bility of service in their work, and yet it underlies work of all 
kinds, and especially that of the engineer. 

During the latter half of the long period of his membership hi 
time and attention had been turned largely from purely engi- 
neering matters to those connected with the great city of New 
York, and sometimes to affairs of the nation. But in all thes 
duties in which he had been able to render service, he had been 
aided by the fact that he had not only a technical training but 
also considerable experience in the practice of engineering 
in the art of management. Therefore those of the younger men 
who have similar training and experience are particularly qualified 
to act as leaders in civic affairs, and he urged that without slighting 
their professional work they seek opportunities to engage in activi- 
ties of this kind. 


and 


RECEPTION OF NEW OFFICERS 


Following the exercises in the Auditorium the company ad 
journed to the reception rooms where the new officers received 
the members of the Society and the ladies. Then came the custo- 
mary informal get-together, with the renewal of old associations 
and the formation of many new ones. Music was provided, 
and the evening ended with an informal dance. 


Opening Session on Waste in Industry 


N ANNOUNCING the general topic of the Annual Meeting 
of The American Society of Mechanical Engineers as Elimi- 

nation of Waste in Industry, President Carman voiced the senti- 
ment that in the years to come the deliberations of this convention 
would be looked upon as the inauguration of a practical program 
for waste elimination, not only in industry, but in all walks of life. 
It was traditional that the American people were wasteful, prob- 
ably because of the great wealth of their resources, but he em- 
phasized that the present was witnessing the inauguration of a 
program of economy which would redound to the credit of our 
nation. 

Explaining that elimination of waste is largely.a matter of man- 
agement, the President said that the Management Division of the 
Society, now numbering upward of 1600 members, had contributed 
the program of this session, and he therefore introduced as pre- 
siding officer former chairman of the Division, Mr. L. P. Alford, 
vice-president of the Society. 

Mr. Alford told of the interest, publicity and favorable comment 
that has been accorded to the report of the Committee on Elimi- 
nation of Waste in Industry appointed by the American Engineer- 
ing Council of The Federated American Engineering Societies. He 
felt, however, that if elimination of waste is to be put into 
practical effect in American industry, this must be done through 
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the individual acts of the engineers in the several professional 
societies. 

Turning to the program, Mr. Alford then presented Past-Presi- 
dent F. J. Miller, whom he also introduced as contributing to the 
Report by taking charge of the field investigations in the metal 
industries. Mr. 


another column. 


Miller’s message to the convention appears in 


F POWER 

In introducing the next speaker, Mr. Alford said that Major 
Miller had stressed the human waste in industry; Prof. L. P. 
Breckenridge! would present another point of view—the elimi- 
nation of waste of 


PREVENTION OF WASTE O 


power, to be made possible by a proposed con- 
solidation of all sources of power in the country’s great industrial 
zone from Boston to Washington. 

Professor Breckenridge, speaking as chairman of the 
Committee of the Superpower Committee, 


Advisory 
described how emis- 
saries from the Engineering Council had appeared before Govern- 
ment authorities and helped to secure an appropriation for a re- 
search or survey to determine what, if any, waste might be prevented 
by the development of what has come to be known as the Super- 
power System. The report of this survey,’ made with the codper- 
ation of 18 railroads, 558 public-utility companies, and the infor- 
mation reported through the census of 76,000 industries using 
power within the zone, is now available. The essential elements 
of the superpower plan are: 
a) Generation of power in plants of large capacity and high 
economy 
b) Locating those plants advantageously relative to coal, mines 
condensing water, load centers and coal distribution 
c) Electric trunk lines in connection with the generating stations, 
both steam and water 
(d) Unified system of control in charge of a power despatcher 
(e) Delivery of primary power to electric public utility 
(f) Loeal distribution of energy by the public utilities. 
This latter includes the essential element of a superpower plant 
in this or any other zone. 
Predicated upon curves extended into 1930, the expected econ- 
omies are: 
a) Annual saving of 50,000,000 tons of coal 
b) Annual saving of $240,000,000 
c) Elimination of coke and its attendant wastes 
(d) Elimination of waste of water power. 
The other important effects will be: 
a) Material reduction in price of power 
b) Considerable 
water 


transfer of coal transportation from land to 


Increased flexibility of power distribution 
(d) Opportunity for coal storage, tending to stabilize production 
(e) Establishment of chemical, metallurgical, and other metal 
industries needing large power supply and high temperatures. 
The superpower zone covers two per cent of the area of the 
United States, contains 32 per cent of the population, and manu- 
factures 44 per cent of the products of the country. 
The scheme of the superpower system is a large one, but it is 
the next logical step in the conservation of power resources. Fol- 
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lowing the survey of the facts will come studies of the local 
conditions under which the system can be installed, and finally 
the study of the financial conditions to take care of it 


PREVENTION OF WASTE or MONEY 


The third speaker was E. F. DuBrul,' who directed attention 
to the tremendous wastes in industry caused by industrial de- 
Within a century this country has 
passed through fourteen periods 


extent, but all involving serious 


pressions in business eveles. 

depression of greater or less 
loss to the investor in industrial 
enterprises 

Liabilities of concerns which failed in the past ten months of 
1921 aggregated $591,000,000, but even this figure does not re- 
present the wastes of investment, loss of useful 
profits and wages in concerns which did not reach the bankruptcy 
court. 

On all sides we are told that these losses are due to maladjust- 
ment of supply and demand, but this occurs because those re- 
ponsible for supply know so little about the demand for their 
product that for considerable 
supplies than they need, and they waste 
to supply a non-existing demand. 

If there are 9,000,000 automobiles in the country, each cor 
suming four tires a year, or 36,000,000 tires in all, is it not waste 
of capital if 75,000,000 tires are manufactured for replacement? 

This kind of error must be placed at the door of management, 


periods they purchase far mort 


capital in building plants 


and can be avoided only by the coope ration of managers with 
each other in a study of the facts as to supply and demand of the 
commodities they produce. 

However, the new economic conditions are compelling attention 
and business cycles are being studied as never before. Men are 
beginning to promulgate a fallacious gospel—that the end of 
business must be service, not production, not profit. 
means of gaining profit, and all business without profit dies—the 
controlling factor in management must be a financial factor—it 
stands the losses and it gets th profit where there is one. 

In the last analysis, therefore, the controlling waste in industry 
is financial waste, and it asking too much to ask 
management to eradicate this waste by recognizing its duty of 
idjustment of supply and demand. 


Pervice 1s a 


seems not to be 


DISCUSSION OF THE THREE PAPERS 

The meeting was fortunate in h: 
Murray, the 
supplemented the remarks of Professor Bre 
ization of the 


iving in attendance Mr. W. 5 
Director-Engineer of the Superpower Survey, whi 
‘kenridge by a visual- 
“point to be striven for’ by the coéperation and 
coérdination of all utilities within the zone, finally producing on 
the map such a 
a good mark for which to aim. 

Mr. Murray was followed by Mr. H. W. Flood, secretary-engineer 
of the Survey, who demonstrated that the concentrated-power 
system, besides reducing fuel costs to about one-half, would also 
reduce labor, maintenance and supplies to about one third of 
those for independent operation as of 1919; accordingly, in dis- 
cussing waste, it is important to add to the conservation of fuel, 
the saving of labor and capital. 

Mr. J. 


1 Manager, Natl. 


system as some 500 engineers had agreed upon as 


Parke Channing, Chairman of the Committee on Elimi- 


Machine Tool Builders’ Assn. Assoc-Mem Am. 
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nation of Waste, said that in stating that management is respon- 
sible for 50 per cent of the waste in industry, it is fair to say that 
all men who represent management are not engineers. In those 
industries in which engineers are prominent as managers and 
directors, there is and will be less waste than in those in which 
engineers do not fill their proper place. 

Mr. W. N. Dickinson,' referring particularly to Major Miller’s 
paper, said it was not brought out clearly that one of the incentives 
of industry is pride. Belief that industry is moving toward some 
worthy goal, and pride that ‘ix organization is a leader in that 
progress, will work as .t & man’s mind as the promise of 
financial recompe! 

Lewis F. Lyne, Jr.,? said that he had “boiled down” the causes 
of waste to negligence, lack of initiative, ignorance and poor 
service, and the remedy to replacement of management by people 











SPEAKERS ON ELIMINATION OF WASTE AT LEADING Session OF A.S.M.E. 
ANNUAL MEBRTING 

back row: Ernest F. duBrul, L. P. Alford; front row 

P. Breckenbridge, W. S. Murray, F. J. Miller. 


Left to right E. S. Carman, 


who have the necessary ability to handle these inherent discrep- 
ancies. 

George Vangelder* stressed the sociological side of waste. Is 
the problem the question of handling material and planning pro- 
duction, or should we use these things for the purpose of building 
up a better manhood in the country? 

The incentive which made every worker in this country produce 
in the war is the incentive that the manufacturer must give his 
employee now—to produce, not for profit alone, but for building 
up industrial America. 

R. A. Wentworth‘ combined the service and the profits motives 
of industry, disagreeing with Mr. DuBrul that the aim of industry 
is profit. This speaker referred to the work of the late Mr 
Gantt, whose life was founded on the principle of service. 

In his own experience he had never seen any deviation from the 
truth that sufficient knowledge of the problem, adequate observa- 
tion of the facts and sufficient initiative in applying the remedy, 
could keep any business out of its trouble. 

Mr. DuBrul, in his closure, challenged the discussion of his 
statement that the end of business was profit. He agreed that 
the means for profit was service, but that did not change the fact 
that the end of business was profit. There was never a business 
started for any other reason than profit. 


Education and Training in the Industries 


Monday evening was given over to a session dealing with the 
vitally important problem of education and training in the in- 
dustries. The program was arranged by the Committee whose 
activities have been devoted to this subject under the chairman- 
ship of W. W. Nichols. 

An unusually interesting paper was presented by Dean R. L. 
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Sackett, who outlined methods of education and training actually 
being used in industry in this country and abroad. The develop- 
ment of education and training in the railroad field was treated 
by D. C. Buell. These papers and the strong discussion incited 
thereby will appear in the February issue of MrecuanicaL En- 
GINEERING. 


Public Hearing on Proposed Code 
for Unfired Pressure Vessels 


An important hearing was held on Monday, December 5, by 
the A.S.M.E. Boiler Code Committee to discuss a code for 
unfired pressure vessels, a preliminary draft of which has recently 
been issued. This pamphlet was the result of over two years of 
investigation and conferences with allied organizations. 

The contributions of the Sub-Committee on Welding to this 
code are shown in the proposed specifications for autogenous 
welding, forge welding and brazing. While there was the attempt 
to render the code comprehensive, every detail of either the con- 
struction requirements or the various specifications on which there 
had been lack of agreement, was omitted. These points of possible 
disagreement were presented for discussion in a list of fourteen 
questions at the end of the report. 

This preliminary report had been distributed in advance of the 
meeting to nearly 500 individuals and concerns known to be inter- 
ested in the manufacture or use of unfired pressure vessels. The 
result was an attendance averaging nearly 200 during the entire 
day. 

The preliminary draft of the proposed code was read paragraph 
by paragraph and discussion invited on each detail. The re- 
sponses to the fourteen questions at the end of the report furnished 
the Committee with data valuable for use in shaping the code 
into final form. The Boiler Code Committee will give this data 
immediate and careful consideration so that the revised Code will 
be presented for further discussion, possibly in connection with 
the Spring Meeting of 1922. 


Power Session 


Four notable papers giving actual heat balance figures in three 
large public utility plants and the proposed scheme in a plant under 
construction were presented at the Power Session on Tuesday 
morning. 

These papers presented valuable data that had not previously 
been made public and drew, therefore, a wealth of discussion. 
The three following papers appeared in the December issue: 





AMONG THOsE WHO SPOKE AT THE POWER Session 

Left to right, back row: Geo. A. Orrok, J. Anderson, O. F. Jurggren, N. E 
R. J. S. Pigott, Leo Loeb, F. R. Low, W. M. Keenan; front row: J. H 

A. G. Christie, C. H. Berry, E 


Funk, 
Lawrence , 
L. Hopping. 


Auxiliary System and Heat Balance at the Delaware Station of the 
Philadelphia Electric Company, E. L. Hopping 
Heat Balance of Colfax Station, C. W. E. Clarke 
Heat Balance System for Hell Gate Station, J. H. Lawrence and 
W. M. Keenan 
The final paper by D. H. Berry and F. E. Moreton giving the 
Heat Balance of the Connors Creek Plant of the Detroit Edison 
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Company appears in this issue of MecHANICAL ENGINEERING. 
This paper is followed by the discussion at the entire session. 


MACHINE SHOP WASTE SESSION 


T THE Machine Shop Waste Session, held on the morning 

of December 6, F. O. Hoagland presiding, two papers were 
presented, namely: Salvaging Industrial Wastes, by J. A. Smith, 
and On the Art of Milling, by John Airey and Carl I. Oxford. In 
addition to these two papers, which were published in abstract 
form in the December issue of MECHANICAL ENGINEERING, an 
inspiring address on Waste in the Machine Industry was made 
by Mr. J. J. Callahan.' Mr. Callahan told of the benefits that 
had been derived in numerous instances by enlisting the interest 
of the workers in the problems of the management. 


DISCUSSION ON SALVAGING INDUSTRIAL WASTES 


Luther D. Burlingame? said that true salvaging might come 
by not having the scrap heap but by having parts so available 
that they were not to be had by merely picking in a pile. High- 
priced executives of shops or mechanics hunting for such things 
meant a waste of money. Another point was the importance of 
impressing on foremen, executives and others, the real value of 
salvaging materials. 

A. L. De Leeuw’ told of experiences with the Singer Manufactur- 
ing Co., where for a number of years several of his staff were con- 
stantly engaged in attempting to save some of the materials that 
were constantly being used in the shops, such as cotton waste, 
lubricating and cutting oils, belting, metal chips from machine 
tools, ete. 

F. Eberhardt‘ discussed briefly waste prevention in machine 
castings. Carl G. Barth® gave examples of waste he had en- 
countered in a large car works. 


DISCUSSION ON THE ART OF MILLING 


Professor Airey in presenting his paper called attention to some 
experiments made since this paper went to press, which related 
particularly to the consumption of power to cutters. The par- 
ticular type of cutter compared is known as the right- and left-hand 
spiral cutter. It is an alternating spiral where successive teeth 
are formed on the opposite spiral. They had compared this type 
of cutter with one having all the teeth running in the same direction 
and found the alternate spiral to show a saving of between 20 and 
30 per cent, depending on the material being cut. That repre- 
sented considerable saving where a cutter consumed a lot of power. 
A cutter consuming 15 hp. in a nine-hour day would require 100 
kw-hr. Effecting a saving of 20 per cent in the power required 
for that particular operation, would be a saving of 20 kw-hr., 
which at the Detroit rate of 3 cents per kw-hr., would be 60 cents 
per day on one small milling operation. 

A. L. De Leeuw submitted an extended written discussion of 
the paper from which extracts follow: 

It is to be regretted that the authors did not go a step further 
and attempted the separation of a chip by a very slow process, 
so as to enable them to observe the deformation of the metal at 
the different stages of separation, either by direct observation or 
by the moving-picture method. 

The authors’ determination of the direetion, location and magni- 
tude of forces in horizontal and vertical directions is somewhat 
along the line of Nicolson’s experiments and, in the writer’s opinion, 
deserves the same criticism. One of the chief requirements of 
machine-tool construction is rigidity, because it is well recognized 
that the lack of this rigidity increases certain of the forces or at 
least increases their effect on the work to an extent altogether out 
of proportion to the amount of lack of rigidity. Therefore, to 
place the work on movable pistons is to go away from the very 
essence of machine-tool design. 

A milling chip tends to start with a zero thickness and, conse- 
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quently, the cutter must slide over the work for some distance 
before it will be able to penetrate. The tooth, however, enters 
the work suddenly, so that, as a matter of fact, the chip as it is 
actually produced does not start with a thickness zero. Instead 
of having the theoretical shape as shown in Fig. 1, it will actually 
have the shape as cross-hatched in Fig. 2. 

The observations about rake are closely in accord with the re- 
sults the writer found in tests made between 1907 and 1914. The 
existing differences may be explained away by the fact that in 
his experiments part of the power consumed was used for feed. 

Referring to the paragraph entitled, Effect of Clearance: Pre- 
vious tests have shown the same result brought out by the authors 
namely, that clearance has no effect on the power consumption. 
However, it does have an effect on the life of the cutter and the 
finish produced. It seems that gritty materials require more 
clearance than those which will produce a continuous chip. 

Early in the paper the authors state that as a chip thickens, 
metal is removed more easily per unit volume. As a practical 
rule, this statement is acceptable and meets all shop conditions 


we 





Fic. 1 TuHeoreticat SHape or Carp; Fie. 2 Actruat SHape or Culp; Fic. 3 
RECOMMENDED PROPORTIONS OF TEETH 


As a statement of accurate fact, it may be doubted. A number 
of observations made by the writer of this discussion showed that 
the efficiency increases when the cross-section of the chip approaches 
more and more a perfect square. 

The writer must take issue with the statement contained in 
Par. 50 and following paragraphs. If the only point for consid- 
eration were the power required to remove a cubic inch of metal, 
the conclusions reached by the authors of the paper would be quite 
correct. However, in practice this power consumption was only 
one of the elements to be considered and not necessarily the most 
important one. 

In a large portion of all milling work, one cut only is taken 
which is required to produce a finish of sufficient fineness. This 
finish depends on the number of revolution marks per inch. As 
a matter of fact, in a large percentage of all cases, the feed per 
revolution is limited by the desired finish at least as much as by 
the ability of cutter or machine to take the cut. The authors of 
the paper seem to be under the impression that the underlying 
idea for the introduction of the wide-spaced cutter was to supply 
sufficient chip space. As a matter of fact, this consideration only 
explains their origin. It was the observation of a case of insuffi- 
cient chip space which induced the writer to try a somewhat wider 
spacing. Subsequent tests with these wider spaced cutters brought 
out further advantages. 

In selecting the proper kind of cutter for a milling job, the follow- 
ing line of reasoning may be considered typical for a majority of 
cases: 

The nature of the work compels us to limit the distance between 
revolution marks to, let us say, 0.050 in. In order to do the job 
as quickly as possible we must have as much feed per minute as 
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possible. The feed per minute depends on two elements: cutting 
speed, and size of cutter. With the material to be cut and con- 
sidering the depth of cut, we will be limited to a cutting speed of, 
let us say, 70 ft. per min. We must now select the smallest possible 
cutter which will do the work in order to get the greatest possible 
number of revolutions which will give 70 ft. cutting speed. Now 
enter such considerations as size of arbor, depth of teeth, size of 
keyway—all of which may prevent us from making the cutter 
as small as we would like to have it. If, for instance, we are com- 
pelled to use a fairly long arbor, we must make that arbor of suffi- 
cient size to avoid excessive bending and torsion. Having con- 
sidered all these items we finally decide on the size of cutter. As 
we want to do the job with as little power consumption as possible, 
we must provide for taking the heaviest possible chips, and this 
in its turn means the smallest possible number of teeth in the 
cutter. It will be noticed that this line of reasoning is almost 
diametrically opposed to that followed by the authors of the paper. 
There are certain limiting conditions which prevent us froth mak- 
ing the number of teeth as small as might be desirable. To have 
too great an angle between two adjacent teeth would mean that 
in practically no kind of cut would we have more than one tooth 
buried in the metal. To avoid the resulting hammer blow, we 
must put a sufficient number of teeth in the cutter. 








SoME OF THE PARTICIPANTS IN THE MACHINE SHOP SESSION 
Left to right, back row: F. K. Hendrickson, H. S. Beal, C. J. Oxford, H. J 


Eber 
hardt; front row 


H. P. Fairfield, Carl G. Barth, F. O. Hoagland, John Airey 

The original reason for the reduction of the number of teeth of 
a cutter was chip space. Soon afterward it was found that the 
power consumption was smaller and that, as a result, a given- 
size milling machine was capable of taking heavier roughing cuts 
with the wide-spaced cutter than with the older type. Other 
advantages showed up later on. Among these advantages are 
the fact that under many conditions a wide-spaced cutter will 
finish more pieces before it becomes necessary to resharpen it. 

Not only does a wide-spaced cutter require less sharpenings, 
but it will stand many more sharpenings. Furthermore, it re- 
quires less time to sharpen a cutter with few teeth than one with 
many. It should be understood, however, that Mr. De Leeuw 
does not recommend the widest possible spacing for all imaginable 
cases of milling. 

Besides the reasons mentioned, there are other reasons which 
may prevent us from taking the heaviest possible chips. In many 
cases it is not possible to clamp the work down in a sufficiently 
rigid manner to withstand the pressures accompanying heavy 
chips. In other cases, the piece of work may be of such a character 
as not to allow heavy cuts to be taken, either because it is too frail 
or because the heat generated will distort the piece, or both. In 
order to obtain the greatest possible economy in the milling op- 
eration, we must give the cutter the greatest possible number of 
revolutions and, after we have selected the smallest practical 
cutter, there is only one source of economy left and that is to in- 
crease the cutting speed. It was considerations like these that 
led up to the system of stream lubrication whereby unusually high 
speeds can be obtained with some intelligence and care. As stream 
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lubrication not only prevents the cutter from heating unduly; 
but also keeps the work cool, it has a double effect on the economy 
of milling operations. 

The foregoing considerations led the discussor to take exception 
to the statements contained in Par. 62. (As many teeth as possible 

Fig. 3 shows the proportions of teeth as recommended by Messrs 
Airey and Oxford, and also those recommended for wide-spaced 
cutters. The sketch shows a 3'/:-in. cutter enlarged four times 
The left-hand side shows the teeth as formed by the formula given 
in the paper and with twenty teeth in the cutter. The right- 
hand side shows the teeth, in black, as they are actually mad 
and in broken line as they would be made according to the formula 
given in the paper. It will be seen that there is but little difference 
between these two shapes—the actual shape being slightly th 
stronger. The main difference, however, lies in the fact that the 
broken-line shape requires a specially made cutter for generating 
the backs of the teeth, whereas the black shape can be formed by 
any cutter. When the land, as originally furnished, becomes too 
wide, it is a simple matter to grind the backs of the teeth with a 
cup wheel and to repeat this action as often as is necessary. So 
long as the size of the land is not reduced beyond the original 
size, the strength of the tooth will not be impaired. It is this 
practical reason which makes me advocate the shape as shown on 
the right hand side of the sketch. 

Karle Buckingham,' who orally discussed the paper, was very 
much interested in the results obtained when using a spiral cutter, 
and offered the following explanation why these should show less 
effective results, namely, that the area of the surface of the cutter 
in contact with the chips becomes greater as the rake angle is 
increased thus creating more friction. 


This might explain the 
results obtained from using lubrication. 


The chips from some 
materials curl up more than those from other materials. If the 
chip clung closely to the face of the cutting edge, the lubricant 
might cause the chip to wring to the face in much the same manner 
as two gage blocks are 
the friction. 


wrung together, thus greatly increasing 
An analysis of the character and shape of the chips 
produced from different materials with the use of cutters of varying 
rake angles might shed some light on this 

The authors state that “the fine-tooth cutter will wear longer 
between grindings, due to the decrease in cutting speed.” Too 
much emphasis cannot be given to the fact that a decreased cutting 
speed greatly increases the life of a cutter between grindings. 
The proportional increase in life is much greater than the propor- 
tional increase in speed. The speaker is acquainted with some 
very interesting tests made some five years ago to determine the 
effect of cutting speed on the life of a cutter. Tests were made 
at speeds of 70 and 80 ft. per min. with high-speed steel cutters 
on small nickel-steel forgings. The results were very consistent 
and showed that when running at 70 ft. the cutter would mill 
over twice as many pieces as when running at 80 ft. Thus two 
cutters of the same diameter, taking the same feed per tooth so 
that each would remove the same amount of material in the same 
time, etc., but with 21 teeth in one, for example, end 24 teeth in 
the second, would show a great difference in their life between 
grindings. If the conditions were identical to those mentioned 
above, the 24-tooth cutter would mill twice as many pieces. Thus 
should make apparent the importance of tooth-numbers in milling 
cutter design. 

Frank B. Gilbreth? called attention to the fact that there was 
a field open to the makers of machine tools today which had not 
been utilized in the least, namely: The photographic record of 
the behavior of a tool and of the chip. It was now possible to take 
2500 pictures per second stereoscopically with a penetrating screen. 

Professor Airey, in closing the discussion, said that stereoscopic 
recording suggested by Major Gilbreth was the logical next step. 
They had done some slow-speed work in that field. They had 
taken ten or fifteen minutes to take out one chip, and had made 
records taking it in instalments. 

Regarding Mr. De Leeuw’s remarks on rigidity he was in accord 
with those. That was a fundamental, regardiess of the particular 
cutting tool. As for the sharpness of the tool, not being capable 
of being absolutely definite, the test of that was in the machine 
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belt. The author had realized that that was a possible source of 
trouble. They took from fifty to one hundred tests, and found 
they had to take a great number of chips, but there was no change 
in the energy, which was proof that the sharpness remained un- 
impaired. The chip thickness was zero at times, but it was known 
that the cutter could not get under the surface all at 
when it did get under we do not know, probably the photograp 
that 


once, 


would cleat up. 


Railway Session 


The problem of eliminating waste in locomotive and ear design 
and operation was given intensive treatment at the Railway Session 
on Tuesd: presented 
at this session had appeared previously in MECHANICAL ENGINEER 
ING. These \voidable Waste in Locomotives by 
ington, in the November issue, and Avoidable Waste in Car Opera- 
Walter C. Sanders , 
Avoidable Waste in Operation 


iy morning. Two of the papers which were 


are James Part- 


tion, by in the December issue. The remain- 


| Lov omotives 


Ing paper, on 


{ 
Cars, by William Elmer, will appear in the February issue wit! 
an abstra entire discussion at this sesior 
Gas Power Seasi 
mais ower Session 
The Gas Power Session was the first to be held by the reorgan- 
ized Gas Power Division of the Society. With B. P. Flint, a mem- 
ber of the Executive Committee of the Gas Power Divisi 
in the chair, two papers were presented, one by Louis Illmer, 
the Porting and Charging of Two-Stroke Oil Engines, and the sec- 


ond by Elme1 
There 


A. Sperry, on Compounding the Combustion Eng 
ly 


Irie 


Was practh 


no discussion on Mr. Illmer’s paper and the 


meeting accordingly took up Mr. Sperry’s paper, which appears 
elsewhere this issue of MrecHanicaL ENGINEERING 
In the opening discussion George A. Orrok! called particular 


ttention to the transfer valv 


Mi 


e between the high- and low-press 


evlinders, which in 


Sperry’s engine is the solution of a par 
ticularly severe problem. Mr. Orrok also emphasized the impor 
tance of mechanical atomization of fuel which has proven so suc- 


cessful when using fuel oil under boilers. He pointed out that th 
engine described by Mr. Sperry followed canons of steam-engine 


design. 
Franci 


the 


= 
Hodgkinson? pointed out as impo 


size ol space, which leads to detonation and 


mpression 
ud 
as to the 


Lo rood coml wst 


re markable 
asked 


in closing thi 


wl \ number of questions wer 


efficiency that could be obtained in this engine. and 


discussion Mr. Sperry stated that its thermal efficiency 
approach The ] 


theoretical air-cycle efficiency, while the mechani- 


cal efficiencs In the engines thus far constructed has been ibout 
93 per cent Mr. Sperry also outlined the possibilities of increas- 


ing the sizes of the compound engine and stated that with a 29 in. 
cylinde r and 4 piston speed of from SOO to YOO ft there 
would be no difficulty in getting an 8000-hp. engine. 


per min 


MANAGEMENT SESSION 


(THE MANAGEMENT Session at the Annual Meeting was pre- 
sided over by Mr. L. P. Alford, Vice-President of the Society 
and former chairman of the Management Division. 

As a basis for discussion of the central theme of waste elimination 
by efficient three papers were presented: Making 
Work Fascinating as the First Step Forward Reduction in Waste, 
by Walter N. Polakov; Process Charts, by Frank B. and L. M 
Gilbreth; The Rochester Shoe Wage Arbitration, by Sanford | 
Thompson, and two reports: Report of the Sub-Committee of 
the Management Division in Management Terminology, and Re- 
port of the Sub-Committee in Measuring Managerial Ability. 

Mr. Polakov’s paper was published in the December issue of 
MECHANICAL ENGINEERING; that by Mr. and Mrs. Gilbreth ap- 
pears in this number, and Mr. Thompson’s will be published later. 


management, 


WRITTEN DISCUSSION IS VOLUMINOUS 


Mr. Gompers wrote that the human element in production is 
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the most important one, and labor realizes that upon management 
devolves the responsibility of di 
to provid the 


veloping the techniqu necessary 


methods whereby the creative ability we seek to 


conserve shall be released through opportunity to u 


and human power in production 


Some of the written discussionsof Mr. Polak pap e] 
in themselve lor instance Mr. A. L. De Leeuw ributed 
discussion of 3600 wor scribing the entire causes of rest. to 
the demoralizati of the world, and criticizing most palliati 


vstems a failing tot ch the ind rlying toundatiol 

Like Mr. De Leeuw, most of the discussors ag t 
ithor and their contributions were therefore more of the nature 
of supplements the paper However, L. W. W 

raising the } ( Uy ( i not concur in the stateme I - 
ing time studi He wrote tl] he had 1 realized ther 
was any conscious effort being made towards decentralization o 
planning, nor of reuniting, instructing and inspecting functior 
foremanship nor ¢ iting time-stur ith direct interchange 
of workers’ skill and rence It seemed him that conscious 
effort in this direction w 1M backward step and not absolutely 
ec ry in removing t I t of monoto 

Ralph L. Paddock w hat the paper was filled with many 
pportunities for differences « How anted 
that by keeping well within the bounds of we nown facts the 
ithor proved his point 

Flattering the individual worker by lling him 1] nimal 
I iking his job more int g, Re 1A. creed 
was essential for successful prod but he thou I 
of a deeper dissatisfaction—the monoton grind ! g 

petuall r the interests of ( never f« est 

Dr. H. S. Person! said he could 1 speal 1 st g| 
i * ment Wit the central ide I the p pel Du re Mr 
Polak he intended to emphasize the points of disagreement 
He thought the author used unnecessary philosophy, that he 
weakened his argument by a or led industrial history, that he 
f ined the Taylor philosoph | system of management u 

rect] nd that he did t ne to ft personel managet 
ificient credit in sol g tl n gement 

Process Cuarts, By F. B » L. M. GILprReru 

( racterizing Mr. Polako er as being concerned with the 
wl Mr. Karl G. Kaisten wi Mr. and Mrs. Gilbreth’s 
paper dealt with the “how Mr. Polakov promised mankind a 
social system, while Mr. Gilbreth’s paper “disclosed marvelou 
powers of dissecting human motion and activity.”” One paper was 
i ‘‘telescope’’ and the other a “‘microscope”’ and argument between 
them would be absurd 

red. Colvin? wrote that the authors’ methods overcame the on 
great trouble with most records which are usually so delaved that 


they become merely post-mortems after the job is finished, and 


re not even always of value for the next job. It is not « t 
either executives or workers to change their methods and | 
nd an understanding of this phase of human natu 
step toward efficient management. 

M. L. Cooke’ asked for information regarding the rela 4 
tween the process chart and the route and instruction « d 
Mr. Gilbreth replied that the process chart is a definite \ 
of visualizing the thing to be done. After the process chai 5 
the route chart and thirdly the instruction chart 


[ELIMINATION Waste TuorovuGH Wace ApJUuSTMEN 


Mr. Sanford FE. Thompson‘ wa 
selected by the United Shoe Workers of America, in the 
Shoe Wage arbitration. 


OF 


introduced as n arl 


His paper, which will appear later, 
scribed the events leading up to this arbitration and says “In tl 
arbitration proceedings which resulted, there was presented by 
the workers a substitute for wage 


as 


reduction, a plan designed 


to lead up to the elimination of waste in manufacture throug! 
scientific methods, and the adjustment of wages on a scientific 
' Managing Director, Taylor Society, New York, N. Y. 
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basis involving job analysis and time study.” Then follows the 
award, a description of the Arbitration Board, and a brief treat- 
ment of the proceedings. 

Mr. Thompson then discussed the two broad questions of: 
(1) Must wages come down, and if so how much, and when? Shall 
it be a flat charge or a real adjustment? (2) How should the 
workers themselves share in wage determination; illustrating his 
points with examples for the Rochester case. 

As bearing in the problem of elimination of waste, Mr. Thompson 
quoted in extenso the proposal of the Arbitration Board for 
the permanent solution of both the wage and production problems: 

“(1) That no wage reductions be recommended by the Board 

“(2) That the existing piece-work and wage rates be placed on a 
strictly scientific basis as rapidly as the organization of joint ad- 
ministrative and technical machinery to this end will permit. 

“In order to accomplish the purpose outlined in this proposal, 
the Shoe Workers request that joint administrative and technical 
machinery be established, based on the early recommendations of 
three technically qualified individuals, one selected by the manu- 
facturers, one by the shoe workers and the third by the Arbitration 
Board. The duties of this committee are to be: 

(a) To make a rapid survey of the Rochester Boot and Shoe 
Industry, from the point of wastes and inefficiencies and industrial 
relations. 

(6) To determine the type and detailed organization of the 
coéperative administrative and technical machinery which the 
manufacturers should adopt for the purpose of establishing pro- 
duction standards. 

(c) To suggest ways and means for permanently remedying ex- 
isting wastes and inefficiencies in the local shoe industry. 

(d) Pending the establishment of the scientifically correct. pro- 
duction standards, and the elimination of wastes and efficiencies, 
existing piece work and wage rates shall not be lowered. 


REPORTS OF SUBCOMMITTEES PRESENTED 


Mr. F. E. Town,' in presenting the progress report of the Joint 
Committee on Management Terminology, defined the scope of 
this work: 

(a) to define management, and list and define the terms and 
phases of management 

(b) to extend the Dewey decimal classification to cover manage- 
ment literature. 

He described the organization of the committee—with six so- 
cieties participating, each with two representatives and an alternate, 
and then outlined the work that had been done to date. 

Four sub-committees were appointed, on Society Coéperation, 
on Ways and Means, on Finance and on Program. 

The committee has succeeded in making a master alphabetic 
list of management terms, also a list classified under four groups 
for convenience, and these lists have been sent out to some 230 
colleges which have promised to coéperate in supplying definitions 
of these terms and doing the necessary research work. 

A vote of thanks was extended to the committee for their progress 
so far. 

The second report presented was a prelimary report by the 
Sub-Committee in Standardization of Graphics. Mr. J. J. Swan? 
presented this subject, stating that the purpose of this committee 
was to standardize the ‘‘short-hand methods of presenting business, 
industrial and technical data.” 

The work of the committee was only just started, and the mem- 
bers would be very glad to receive suggestions from anyone in the 
Society. 

The third report, on a Study of the Units and Methods of Measure- 
ment of the Managerial Function, was presented by Mr. A. L. 
De Leeuw. 

The functions of management consist of three items: Promotion 
(and Extension), Production and Sales. In order to confine 
itself to that part of the investigation which would offer the best 
promise of results in the near future, the Committee had worked 
only on the managerial function concerned with Production. 
This in turn is manifest in three directions: Organization, Prepara- 
tion and Direction. 
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Under the heading of Organization we have the Evaluation Chart, 
prepared by the Waste Committee, under Preparation, we have 
such items as Time Study, Motion Study, Basis of Wages; and 
under Direction, we find control charts. 

The report recommends the consideration of ways and methods 
to obtain the necessary data required for: 

Organization 

Balance of Responsibility and Authority 
Preparation 

Effectiveness of purchasing 

Adherence to standards 

Basis of wages in Industry 

Balance of sales and production 
Direction 

Labor stability—factor and data 

Labor attendance—factor and data 

Continuity of working conditions—factor and data 

Material turnover period—factor and data. 

At the close of the discussion of this report the following motion 
was passed: 

That a vote of appreciation be accorded the committee, and 
that they be asked to continue the study and present their 
conclusions to the Management Division, and thirdly, 

That the Executive Committee of the Management Division 
consider the advisability of asking the American Engineering Coun- 
cil to undertake an investigation of a basis for wages in industry. 


Forest Products Session 


The problem of conservation of forest products was given care- 
ful consideration at the meeting of the Forest Products Divi- 
sion. The principal speaker was David L. Goodwillie of Chicago, 
Ill., who told of the work being done by the United States Chamber 
of Commerce in their appointment of a Commission on Conserva- 
tion and Reforestation. This Commission of twelve has trav- 
eled through thirty-seven states and has met with the men in the 
different branches of the lumber industry who are interested in a 
national policy for forest conservation. The effect of taxation on 
conservation, the importance of waste utilization, the control of 
competition and the restriction in timber cutting were all dis- 
cussed. Mr. Goodwillie told in detail of the project at Bogalusa, 
where every portion of the lumber and waste is being utilized in 
factories where the handling is done entirely by machinery. The 
plans are laid with remarkable vision and the regrowth of timber in 
a comparatively short time is actually being accomplished. 

Dr. Hugh P. Baker, of the American Paper and Pulp Associa- 
tion, told of the various methods of reforestation that will permit 
of a greater utilization of waste timber land. Discussion was 
contributed at this meeting by Joseph H. Wallace, George M. 
Hunt, Paul Porter, and Dr. Cruikshank on various methods 
of increasing the utilization of forest-products waste. Mr. 
Goodwillie’s talk and the consequent discussion will be given more 
complete treatment in a later issue of MECHANICAL ENGINEERING, 


Fuel Session 

The Fuel Session was held Thursday with Professor L. P. Breck- 
enridge, Chairman of the Fuels Division, acting as presiding officer. 
The program of excellent papers filled the auditorium and elicited 
a great deal of interesting discussion. Abstracts of the papers 
have appeared in MecHANICAL ENGINEERING. The paper by 
Victor J. Azbe on Boiler Plant Efficiency appeared in the November 
issue as did the papers by Joseph Harrington on Fuel Saving in 
Relation to Capital Necessary and by W. B. Chapman on Gas 
Producers and Industrial Furnaces. The masterly contribution 
by Dr. D. 8. Jacobus appeared in December Mecnanicat ENGI- 
NEERING. An account of the discussion will be brought out in 
the February issue. 


Elimination of Waste Through Efficient 
Materials Handling 
([HE Materials Handling Division of the Society, comprising 


1400 members, staged a session on Thursday afternoon of 
the Annual Meeting, devoted to Materials Handling an Important 
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Factor in the Elimination of Industrial Waste. Mr. Robert M. 
Gates, the active chairman of the Division, presided, and Mr. 
H. V. Coes, a member of the Division’s Executive Committee, 
presented the one paper of the afternoon, which was discussed 
at great length. This paper was published in the December issue 
of MercHANICAL ENGINEERING. 

In presenting the paper, Mr. Coes stated that there was a great 
lack of information as to the best materials-handling equipment 
for a given purpose. He thought professional engineers could 
perform a great service if they could show the means available 
for handling materials. 

Mr. Coes illustrated his remarks with a series of lantern slides, 
showing the evolution of such familiar apparatus as the portable 
belt conveyor, the stevedore truck, ete., and including practically 
all of the present methods of mechanical handling. 

Mr. Coes predicted that mechanical handling of materials would 
be extended considerably within the next few years, and that prob- 
lems now outstanding would be solved. It is the duty of engineers 
who lay out plants to insist at the start that designs provide for 
proper handling of materials. 


DISCUSSION 


Mr. J. A. Shepard' agreed with the author’s statement that 
“modern civilization is the direct result of the application of the 
principles of the sub-division of -labor.” He pointed out, how- 
ever, that each sub-division of labor introduces an intermediate 











AT THE 


MATERIALS HANDLING SESSION 


Left to right, back row: W. N. Dickinson, M. F. Lawrence, R. H. McLean, H. E 
Whitaker; front row: F. A. Wardenberg, H. V. Coe R. M. Gates, N.C. Johnson, 
K. Dodge 


materials-handling problem which, if not properly solved, partially 
neutralizes the undoubted advantages of the sub-division. ‘“Hand- 
ling 168 tons of materials per ton of finished castings’ summarizes 
the problem as it affects the foundrymen, but this statement gives 
no indication of the further problem of handling the casting 
through sub-divided finishing processes to wholesaler, retailer and 
finally consumer—rolling up a grand total of materials handling. 
Yet this is the situation concerning practically every commodity 
before it reaches the ultimate consumer. Mr. Shepard enunciated 
the following principle: 

“Owing to the great number of relatively simple handling operations 
entailed by the sub-division of labor, efficient handling, together with a low 
capital cost for handling equipment, is likely only through the choice of a 
type of handling machinery capable of the greatest possible flexibility and 
mobility, thus enabling each unit of handling machinery to perform the 
maximum number and variety of handling operations. 

“Moreover, the extent to which any type of handling equipment will 
occupy building or yard room which would otherwise be available for 
production processes, must necessarily 
making a choice.” 


become an important factor in 


Sam L. Libby,? following Mr. Shepard, criticized the manu- 
facturers of materials-handling equipment whose attitude, he said, 
had been to sell as much of their machinery as possible. He 
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thought one of the best things the Materials Handling Division 
could do would be to bring all the manufacturers to agree in a 
broad viewpoint of the problem. 

H. M. Lane! emphasized, first, the need for codperation, between 
the material handling people of radically different classes so as to 
get the right equipment for a given set of conditions; and second, 
the importance of the coéperation of the architect, without whom 
the plans of the materials handling man could easily be set at naught. 

W.N. Dickinson, R. H. McLean, J. G. Hadfield, M. F. Lawrence, 
Wm. F. Hunt, and W. C. Brinton, also contributed to the dis- 
cussion, and all agreed that the problem upon which Mr. Coes had 
concentrated attention was worthy of further consideration and 
detailed study by the Materials Handling Division of the Society. 


Students Conduct Important Session 


Under the auspices of the Committee on Relations with Colleges 
and under the direct supervision of Dr. H. G. Tyler of this com- 
mittee, the members of the Student Branches of the Society con- 
ducted a session on Thursday morning. An innovation in the 
meeting activities of the Society and in its relations with students, 
this session considered two technical papers 


and a statement of 
the problems of Student Branch operation in 


a manner equal to if 
not better than some of the sessions conducted by mature members 
of the Society. 

Before the session opened, prominent members of the Society 
and the profession mingled with the students and explained the 
ideals of the Society and its scope of activities. 

Dr. W. H. Kenerson, newly elected chairman of the Committee 
on Relations with Colleges, presided at the formal presentation of 
the following papers: Draft-Tube Design with Reference to the 
Hydraucone by W. K. Ramsay of M. I. T.; and Flow of Water 
in Hydraulic-Turbine Draft Tubes by George E. Lyon of R. P. I. 
Both papers were presented by the authors. They will appear 
in a later issue of MECHANICAL ENGINEERING with the pertinent 
discussion. 

The balance of the three hours devoted to this session was given 
over to a discussion of the problems of Student Branch organization 
and operations. J. M. Spitazglass of Chicago told of the successful 
methods used at the Armour Institute Student Branch. 

Over two hundred students attended and while the representa- 
tion of New York schools was high, there were still a great many 
from outside, some coming from Atlanta, New Orleans, Pasadena 
and Cincinnati. 


Conference on Research 


A better interchange of scientific and research information 
through the agency of the Engineering Division of the National 
Research Council is within reach if the ideas developed at the 
Research Conference of the Annual Meeting and transmitted to 
Mr. A. D. Flinn, vice-chairman of the Division, who was present, 
are carried out. 

This conference, held Thursday, December 8, was conducted 
by Prof. A. M. Greene, Jr., chairman of the Society’s Research 
Committee, and the attendance of over forty included many authori- 
ties on engineering research. Two sessions were held, culminating 
in the organization of an Advisory Committee to help the National 
Research Council in the correlation of research data as well as to 
make suggestions to hasten the completion of the Council’s scheme. 

It was generally conceded that publicity would be the most 
effective method of eliminating waste in research, caused chiefly 
by duplication of effort, by lack of a codrdinated and codperative 
research program and by failure to adequately define the research 
problem before inaugurating experimental work. 

To circumscribe the discussion somewhat and to confine it to 
the Annual Meeting topic—elimination of waste—four items 
were scheduled on the program, two being technical papers and 
two reports of committees. The papers were Elimination of Waste 
in Industry through Research, by F. A. Wardenburg,? and Re- 
search in Leather Manufacture, by Arthur W. Thomas;? the re- 
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ports were those of the Sub-Committee on Lubrication and of the 
Sub-Committee on Steam Table Research. Messrs. Wardenburg 
and Thomas presented their papers in person. The lubrication 
report was presented by Mr. Albert Kingsbury, Kingsbury Machine 
Works, Philadelphia, chairman of the committee, and the steam 
table repert by Mr. George A. Orrok, consulting engineer, New 
York, and by Dr. H. N. Davis, Harvard Engineering School, 
who is conducting a portion of the steam-table research. 

Mr. Wardenburg detailed the possibilities of research work in 
the reduction of manufacturing costs, citing several examples 
in the war which had resulted in the saving of millions of dollars. 
He then described a plan for conducting commercial research work 
under the commercial incentive, and secondly a suggested coépera- 
tive plan for conducting general research work. As an element 
of the latter he suggested the collection of a large fund for 
research to be placed under the jurisdiction of some central body, 
like the Research Committee of this Society, which would plan 
and carry out the research program. 

Mr. Thomas then presented his paper on research in leather 
manufacture, concluding with the significant statement that though 
leather had been in use for many centuries, we are only just be- 
ginning to find out the elementary chemistry of the reactions in- 
volved in its manufacture. He quoted this as an example of the 
magnitude of the general research problem in the industries. 

The question of duplication of research was discussed consider- 
ably at the meeting; but when the ideas of all the speakers were 
brought out, the impression was left that though almost every 
problem is being investigated by more than one agency, the phases 
are all different and each investigation practically constitutes a 
separate piece of work. Mr. Flinn described how the “card-index”’ 
of the National Research Council would furnish an excellent means 
of posting everyone on what everyone else was doing. 

In presenting the progress report of the Sub-Committee on 
Lubrication, Mr. Kingsbury pointed out the inherent difficulties 
in undertaking any measurements in a film of lubricant within a 
few thousandths of an inch of space. He described the ex- 
perimental work of the committee in the field of increase of pressure 
on lubricants. He illustrated his remarks by means of curves 
prepared by Mr. Mayo D. Hersey, professor at Massachusetts 
Institute of Technology, Department of Physics, who was doing 
the experimental work.» 

In connection with the steam-table research Dr. Davis said that 
he felt ‘‘very hopeful” that his organization would soon be able to 
get something on the Joule-Thomson effect, which was his assign- 
ment in this research. Dr. 8. W. Stratton, director of the U. S. 
Bureau of Standards, supplemented Dr. Davis by telling just where 
the Bureau stood in its part of the investigation, and Mr. Orrok 
closed by reporting how the money was coming in, stating that the 
prospects were very bright for the collection of the seventy or eighty 
thousand dollars necessary, and for the completion within three 
years of this very necessary extension of the upper limit of the 
steam tables. 

Among other prominent speakers at the session were Prof. H. F. 
Moore, of the University of Illinois, who is in charge of the impor- 
tant research on Fatigue of Metals being conducted with the 
assistance of Engineering Foundation; Dean Anderson, in charge 
of the research program of the American Society of Heating and 
Ventilating Engineers; H. C. Dickinson, research director of the 
Society of Automotive Engineers; and Prof. P. C. Walker, dean 
of the Engineering School of the University of Kansas. 


Professional Engineering Education for the 
Industries 


The Society for the Promotion of Engineering Education joined 
Thursday afternoon with the A.S.M.E. in a session of three 
papers on the relations between engineering education and the 
industries as follow: 

Professional Engineering Education for the Industries, F. C. 
Pratt, 


A National Policy on Engineering Education, A. G. Christie, 


College Education as Related to Industry, J. E. Otterson, 
Professor Charles F. Scott, President of the 8.P.E.E. presided. 
The three papers with the ensuing discussion opened by Dean 
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Dexter 5. Kimball are published on the first pages of this issue. 

Credit is due Professor Dugald C. Jackson who arranged the 
program which attracted large attendance and developed exceed- 
ingly interesting discussion. 


Stresses in Flat Cylinder Heads 


The able paper by Major Gilbert Dudley Fish on Stresses and 
Deformation in Flat Circular Cylinder Heads was presented on 
Thursday afternoon at the first General Session of the Annual 
Meeting. Professor Robert H. Fernald presided. 

Major Fish’s paper was a mathematical analysis of form and 
loading of elastic disks where the thickness is uniform and where 
all strains are within the limits of true elasticity. Although of 
great value, the paper was highly specialized in its contents and the 
discussion could be entered into only by those who had actually 
attacked similar problems. An abstract of the paper with a 
résumé of the discussion presented will appear in a later issue of 
MECHANICAL ENGINEERING. 


Motion Pictures of Combustion 


On Thursday afternoon R. Sanford Riley of Worcester, Mass., 
presented moving pictures showing actual conditions in a stoker- 
fired furnace. The great interest aroused in this exhibition made 
its repetition necessary. There was universal comment as to the 
value that these pictures will render in the development of a science 
of furnace combustion and in a later issue of MecuanicaL Ew- 
GINEERING there will appear an account of the preliminary work 
done by Mr. Riley in determining the successful methods of pre- 
paring the motion pictures. 


Motion Pictures of Handling Materials 


Following out the custom inaugurated at the Spring Meeting 
the Materials Handling Division enjoyed an exhibition of motion 
pictures which showed the development of apparatus for handling 
coal and lime stone by machinery. These pictures, displayed 
by the Robbins Conveying Belt Company, were shown in place of 
the usual excursion. 


Second General Session 


The Second General Session of the meeting was held Friday 
morning with Dr. D. 8. Jacobus in the chair. Of the three papers 
presented, one by Paul A. Bancel on Steam Condensing Plants 
appeared in the November issue of MECHANICAL ENGINEERING. 
The paper by F. W. Dean on Testing Emergency Fleet Boilers 
using oil fuel will appear in the February issue of MecHANICAL 
ENGINEERING and the paper on the Vertical Trivle Expansion 
Pumping Engine by L. A. Quayle and E. H. Brown will appear 
in the March issue. The discussions pertaining to each of these 
two papers will appear with them. The present account will there- 
fore only include the discussion on Mr. Bancel’s paper. 

In a written discussion, Professor A. G. Christie complimented 
the author on the presentation of new ideas on condenser operation 
and design, especially of the air cooler. He askea for additional 
information about the causes and nature of tube corrosion and 
for data on water velocity, on pressure loss through a single-pass 
condenser with high water velocity, and on methods of obtaining 
higher heat transfer through the tube surface. 

D. K. Dean,' in a written discussion, combatted Mr. Bancel’s 
statements regarding the tube layouts in which steam lanes are 
used to assist steam distribution, on the ground that there was 
lack of test. evidence in the paper. He stated that the Bancel 
design is deficient in that it is difficult to distribute the steam 
equably to the ends of the condenser. Mr. Dean also made a de- 
tailed comparison of water temperature distribution in a double- 
pass condenser with the distribution in the single-pass condenser 
advocated by Mr. Bancel. He showed that the single-pass con- 
denser gives a poor division of work along the tube length. He 
further pointed out that the ratio of cooling surface to the amount 
of steam condensed is well established and requires the use of 
two passes to utilize commercial tube sizes. 
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Mr. John F. Grace! criticized Mr. Bancel’s use of a small tube, 
single-pass condenser with a high water velocity through the tubes 
on the grounds that small tubes clog and require high-power cir- 


culating pumps. He deemed it wise to use a moderate velocity 
and to clean the tubes occasionally. He stated that it was his 
experience that tube losses increase as the tube surface is de 


creased 


\ written discussion by Mr. P. E. Reynolds? reviewed develop 
ments in condenser design which have followed a 


seemingly aim- 
less path. He stated his belief that the design of Mr. Bancel 
permitted heat transfer in an atmosphere of pure steam. Hi 
regretted the lack of data about this feature. Mr. Reynolds 
touched on the relative merits of single- and double-pass condenser 


and pointed out that the double-pass type gives equal distribution 
ation over 


the tubs =. 


ol conde n 


Mr. Ek. B. Ricketts* decried the lack of test data on the heat 
transfer in this type of condenser. 
At the end of the discussion, Mr. Bancel promised to answer 


the questions in a written closure 


Aeronautic Session 


Joseph A. Steinmetz, Chairman of the Aeronautic Division, opened 
the Aeronautic Ses 
word for the future 


sion on Friday morning with an 


of aviation and for the future of the 


optimistic 
work of 
the Division in assisting the development of aviation especially 
for commerce. He then turned the Professor 
E. P. Warner, Chairman of the Aeronautic Papers Committee 
who took the chair. In his opening remarks, Professor Warner 
explained the principal purpose of the Aeronautic Division to be 
facts regarding aerial transport. 
and authors of the papers presented at this session 
were as follows: Commercial Operations of Airplanes, by L. B 
ls nt, Air Lines and Some of Their Problems, by R. B C Noor- 
duyn, Study of the Elastic Properties of Small-Size Wire Cable, 
by R. R. Moore, Tests of Plywood Webs With Lightening Holes 
Arranged as in Airplane Ribs, by D. T. J. Diefen- 
bach. 

The paper by 


meeting over to 


the dissemination of 


The tith 


Brown and R. 


Major Lent appears in another column of this 
The other papers will appear in a later issue accompanied 
by the discussion relating to them. 


Issue. 


Major Lent’s paper presents data of great value to the prob- 
lems of commercial aviation and with Mr. Noorduyn’s paper, 
it incited discussion that indicated great possibilities in com- 
mercial aviation in the immediate future. In closing the dis- 
cussion, Major Lent emphasized the seemingly important point 
that the aeroplane offered greater commercial possibilities as a 
freight express or mail carrier than in transportation of pas- 
sengers. 

Lieutenant FE. EK. Aldrin, Secretary of the Division, newly ar- 
rived from a trip abroad was at the meeting and he gave some 
interesting first-hand information relative to 


commercial flying 
in Kurope. 


Textile Waste Session 


Mr. Charles T. Plunkett, Chairman of the Textile Division 
presided over this Session on Friday morning at which the Textile 
Division presented a program dealing with wastes in the textile 
industry. The papers on Hidden Wastes in Textile Plants by 
T. P. Gates and Economy in Textile Drying by B. R. Andrews 
will appear with their discussion in the March issue of MecHaNnicaL 
ENGINEERING. 

Charles T. Main opened the meeting with a report of the World 
Cotton Conference held in England last summer which he attended 
as a delegate of the Textile Division of the A.\S.M.E. Mr. Main 
emphasized the fact that the British cotton manufacturers have 
joined in contributing about one million dollars for cotton re- 
search work. They have planned a large laboratory and they 
expect to take up the problems bearing on the manufacturing and 
finishing of cotton. Mr. Main spoke also of the movement on foot 


1 Harrison, N. J. Mem.Am.Soc.M.E. 
295 Liberty St., New York, N. Y. Mem.Am.Soc.M.E. 
3241 East 15th St., New York, N. Y. Mem.Am.Soc.M.E. 
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in this country to unite all bodies engaged textile-reseat work 
in codperation with the International Cotton Research ¢ utter 
The Cotton Conference itself impressed Mr. Main by the oppor- 
tunity it offered for men from widely separated parts of the world 
to come together and partake of the wealth of information offered 
at the formal meetings of the comference and informa in the 


social gathneru 


Ordnanee Session 


The first session 
Meeting of the Societ 


Division held at an Annu 


s called to order on Friday 


Ordnance 


Waldo H. Marshall ( irman of the Divisio1 General Guy 
I. Tripp, Chairman of the Board of the Westinghouse Electri 
and Manufacturing Company, made the opening address in which 


he emphasized the responsibilities of the Ordnance 


ill those who have had experi 


Division and 
‘nce in the production ordnance 
material in the development of an organization to 


(Jrdnance 


supplemen 

the permanent staff of the Department. 
The principal paper of the 

Zs. W. Joyes, Chief ot the Te ] St iff, Ordnance 

U.S. A. Colonel Joyes discussed the conditions in the past in the 


Ordnance Department and 


Colonel 


Department, 


session was delivered by 


hnica 
effort to 


present indications of an 


practice economy am 


discussed the limitations 


money. He 
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of tolerance in ordnance material which were somewhat troublesome 
during the war and indicated that the present effort is to study 
carefully the producability of the various articles of ordnance. 
The coéperative work between the army and navy in matters of 
design of ordnance was briefly reviewed. The showing was very 
satisfactory and duplications and wastes of effort in design are 
generally being avoided. The development of the Ordnance 
Department organization to prevent waste in overlapping was also 
explained by the speaker. He closed his address with an explana- 
tion of the policy of the Ordnance Department in investigating 
the possibilities of commercial articles before taking the design 
for strictly military 

Discussion at the session was contributed by Frank B. Gilbreth, 
Carl G. Barth, Fred J. Miller, F. G. Spencer, Captain Kimberly, 
R. D. Coleman, H. C. Spaulding and E. L. Sherwood who con- 
tributed problems relating to the design, specifications and manu- 
facture of ordnance material. 


uses. 








Heat Balance of the 


Connors Creek Plant 


of The Detroit Edison Company 


By C. HAROLD BERRY,! anv F. E. MORETON,? DETROIT, MICH. 


HE term “heat balance” is currently used in two different 
senses. At times we speak of the heat balance when we mean 
a physical condition in the plant whereby there is a balance 
of certain heat-absorbing and heat-developing capacities. Again, 
by heat balance we mean a thermal balance sheet which records the 
ultimate disposition of all the heat developed from the fuel used. 
This paper discusses the heat balance in both senses for the 
Connors Creek Plant of The Detroit Edison Company. We shall 
first describe briefly the apparatus in the plant, following this by a 
discussion of the ideal operating conditions, and finally presenting 
actual results. The plant is considered just as it stands, without 
reference to changes now under consideration or construction. 


DESCRIPTION OF EQUIPMENT 


The main turbo-generators are six in number—three* of 20,000 
kw. capacity, one of 30,000 kw. capacity, and two of 45,000 kw. 
capacity, giving a total installed capacity of 180,000 kw.‘ The 
turbines are served by fourteen boilers, each of 2365 boiler hp. 
builder’s nominal rating. 

The boiler-feed pumps are steam-turbine-driven, with the ex- 
ception of one which is motor-driven. One general-service water 
pump is steam-turbine-driven. All other plant auxiliaries are 
motor-driven, some by alternating-current motors, some by direct- 
current motors, the choice depending upon the nature of the driven 
unit. As it works out, those auxiliaries whose uninterrupted run- 
ning is essential to plant operation are all driven by direct-current 
motors, while auxiliaries whose stoppage does not immediately affect 
the rest of the plant are driven by alternating-current motors. This 
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Fie. 1 ARRANGEMENT OF AUXILIARY ELECTRICAL SysTeM, CONNORS 


CREEK PLANT 


division is not due to any belief in the superior reliability of direct- 
current motors, but is due to the fact that most, if not all, of the 
essential auxiliaries are of such character as to require or benefit 
from widely variable speed. Such are stokers, blowers, hot-well 
pumps, dry-vacuum pumps, circulating pumps,’ ete. 

The arrangement of the auxiliary electrical system is shown 
in Fig.1. Alternating current for auxiliaries is available from either 
of two buses: (a) The “system service” bus, which is fed through 
a transformer from the main station bus, or (b) the “house service” 
bus, which is fed by three 1000-kw. turbo-generators. A tie switch 





1 Engineer, Vice-President’s office, The Detroit Edison Company. 

2The Detroit Edison Company. 

3 At the present writing one of these is in the manufacturer's plant 
in the course of rebuilding. A 10,000-kw. unit stands in its place. 

‘For the time being 170,000 kw. 

* At the time of writing, the older of these pumps still have induction 
motors, which are to be displaced by direct-current motors. 

Abstract of the fourth of a group of papers presented at the Power Waste 
Session of the Annual Meeting, New York, December, 1921, of Tue 
AMERICAN SocreTy OF MECHANICAL ENGINEERS. The other three papers 
appeared in the December, 1921, issue of MECHANICAL ENGINEERING, pp. 
790-795. 


is provided whereby these two buses can be connected. When this 
tie switch is closed, such of the 1000-kw. house alternators as are 
running must perforce operate in parallel with the main units. 
When this is done (and it is common practice at Connors Creek), the 
governors of the small units are set for a speed slightly above system 
frequency, and the house units are operated on the hand throttle, 
with constant steam flow and virtually constant load. 

Direct current is available from a single bus (actually constructed 
as a ring). Owing to the importance of continuous service from 
the motors connected to this bus, it is fed from four sources: 

a Two 1500-kw. steam-driven direct-current generators. 
Each of these consists of a turbo-alternator permanently 
connected (by bolted links) to a synchronous motor- 
direct-current generator set, so that the combination is 
merely a steam-driven direct-current generator with an 
electrical speed reduction instead of gears. 

b Three 500-kw. motor-generator (induction motors) 
driven from the house-service alternating-current bus. 
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c Two 1500-kw. motor-generator sets (synchronous motors) 
driven from the main station bus. These sets have char- 
acteristics and controls such that they may deliver power 
in either direction, wherefore they are known as “transfer 
sets.” 

d A storage battery of 1500 amp-hr. capacity. 

An important characteristic of a system of this sort is that the 
load on the auxiliary steam turbines is independent of the aux- 
iliary power demand of the station. With the tie switch closed 
between the system service and house-service buses, and with the 
transfer sets operating between the main system and the house- 
service direct-current bus, the house-turbine loads may be adjusted 
at will, within limits set by the capacities of the apparatus. 

The function of the house turbines is twofold: 

a To furnish a standby source of power for station auxiliaries 
in the event of a system failure, and 

b To furnish exhaust steam for boiler-feedwater heating. 

Fig. 2 shows the arrangement of the auxiliary exhaust-steam 
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and feedwater-heating apparatus. The auxiliary exhaust heater 
receives the exhaust steam from five house turbines, from six boiler- 
feed-pump turbines, and from one general-service-pump turbine, as 
well as the vapor formed in the boiler-feed make-up evaporators. 
This steam passes upward into five barometric-condenser heads, 
where it meets condensate from the main condensers. The resulting 
hot water is discharged into the hot boiler-feed tanks, whence it is 
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Fie.3 Computep Cost or Power For VARIABLE TURBINE STEAM 
CONSUMPTION AND Borter-Feep TEMPERATURE, WITH 
Fixep Initia Stream ConpDITIONs 


(Steam pressure, 240 Ib. per. sq. in. abs.; superheat, 200 deg. fahr.; 
boiler-room efficiency, 0.75.) 
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pumped into the boilers. The cold condensate piping and tanks 
are designed to care for variations in the volume of water in the 
boilers at times of variable plant load, and to safeguard the boiler- 
feed pumps against failure of the supply. Inasmuch as these 
barometric condensers serve as condensers for the auxiliary system 
and as feedwater heaters for the main system, they are known as 
“heater condensers.” 


THEORY OF OPERATION 


There are two viewpoints from which to state the gain in station 
economy due to the operation of a system of this kind: 
a A simple but approximate view—the substitution of cheap 
power for costly power 
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b A complicated but exact computation—a saving due to 
increased feedwater temperature, offset by an increased 
station steam consumption. 

The matter will be discussed from each of these two points of view. 

In the chart shown in Fig. 3 the full lines show the computed 
cost of power for variable turbine steam consumption and boiler- 
feed temperature, with fixed initial steam conditions. If we 
assume that all losses in the turbine appear as heat available from 
the exhaust steam, that is, if we neglect radiation losses, and if we 
recover usefully and credit to the turbine all of the heat available 
from the exhaust steam, then the cost of power is constant for all 
conditions, and is equal to the heat equivalent of a kilowatt-hour 
(3415 B.t.u.) corrected only for boiler-room losses. For the assumed 
boiler-room efficiency of 0.75, this gives us a cost of power of 4550 
B.t.u. per kw-hr., and this is shown plotted in Fig. 3 as a dashed 
line. 

In the case of a plant like Connors Creek, the main units have 
a steam consumption of, let us say, 12 lb. per kw-hr., wherefore 
power generated by them costs from 18,000 to 21,000 B.t.u. per kw- 
hr. The house turbine, whose exhaust heat we may assume to be 
fully utilized, produces power at a cost of 4550 B.t.u. per kw-hr. 
Clearly, the displacement of a portion of the power generated by the 
main units at high cost by power generated by the house turbine at 
much lower cost will result in a gain in station economy. From this 
it would appear that the maximum house-turbine output is to be 
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striven for. But the matter is not so simple, for here we meet the 
outstanding feature of the system—the auxiliary exhaust pressure 
may be adjusted to any value between the lowest attainable absolute 
pressure and atmospheric pressure. If we operate at a very low 
pressure, the auxiliary exhaust steam, and therefore the boiler feed- 
water, are at low temperature, with a resulting high cost of power 
from the main units. Further, with a small temperature rise of the 
boiler feedwater, very little exhaust steam can be condensed, where- 
fore the output of the house turbine is small. As the auxiliary ex- 
haust pressure rises, the boiler-feed temperature rises, lowering the 
cost of power from the main units, and at the same time the heat 
absorption of the boiler feedwater increases, condensing more aux- 
iliary exhaust steam and permitting the generation of more cheap 
power by the house turbine. As the auxiliary exhaust pressure con- 
tinues to rise, however, another influence enters: the steam consump- 
tion of the house turbine increases, that is, the power output of a 
given steam flow will be less. This reduces the proportion of cheap 
power generated, and eventually a point is reached at which an in- 
crease of auxiliary exhaust pressure will decrease the station econ- 
omy. Our problem is to locate this point of maximum sfation 
economy. It will be worked out in the: more exact analysis which 
follows. 

As is pointed out below, in discussing the results of this study, 
a complete analysis of this problem requires a large fund of infor- 
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mation, which unfortunately is not yet available for the Connors 
Creek plant. We shall therefore carry out this study for an assumed 
plant with characteristics consistent with the performance of Con- 
nors Creek. The results obtained will serve to define the problem 
rather than to present:a solution for the actual plant. The follow- 
ing data are assumed: 

Total station load, including auxiliary power demands, con- 
stant and equal to 100,000 kw. 

Main unit steam consumption assumed to conform to the 
total-steam curve of Fig. 4 

A house turbine of 5000-kw. capacity, whose performance is 
shown by the total-steam curves of Fig. 5! 

Initial specific total heat of steam at 225 lb. per sq. in. gage 
and 200 deg. superheat = 1313 B.t.u. per lb. 

Temperature of condensate leaving main unit condensers 
= 70 deg. fahr. 

Boiler feedwater leaves the heater condensers at a tempera- 
ture 10 deg. fahr. below the boiling point corresponding 
to the auxiliary exhaust pressure 

Boiler-room efficiency equal to 0.75 

Radiation neglected. 

Our first step is to develop a very interesting relation which 
applies to any steam prime mover whose exhaust is wholly used for 
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heating water. If the water is heated from a constant initial tem- 
perature to a constant number of degrees below the boiling point 
corresponding to the exhaust pressure, then a curve plotted between 
the turbine load and the quantity of water capable of being heated 
will have the same shape as the curve plotted between turbine load 
and total steam. Proof of this fact is given in one of the appendices 
of the complete paper, where the relations involved for the con- 
ditions assumed above are developed. For these conditions the 
curves of Fig. 6 have been prepared. 

We are now in a position to determine the cost of power for 
variable house-turbine load. Another appendix of the complete 
paper indicates the method and gives the computations in detail. 
The principal results are shown in Figs. 7 and 8. From the curves 
it is clear that the best station economy is obtained with a house- 
turbine load of 4500 kw. and a boiler-feed temperature of 160 deg. 
fahr. In Fig. 7 the small circles at zero house-turbine load indicate 
conditions with the house turbine shut down. 

In interpreting these results, attention must be directed to the 
fact that the curve of cost of power is rather flat. Operation at a 


1 These curves are based on an actual test of a 1000-kw. set, and prob- 
ably indicate a higher steam consumption than is normal for a 5000-kw. unit. 
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condition somewhat removed from the best point results in only a 
small increase in the cost of power. However, modern power-plant 
operation is largely concerned with small increments, and a gain of 
even 100 B.t.u. per kw-hr. is not to be neglected. 

Attention must further be called to the fact that the computations 
here given are based on one set of assumed conditions. To carry 
out this study in general would require much detailed information. 
We should need the total-steam curve for the main units running 
in various combinations over the entire range of plant load. We 
should also need the total-steam curves for all house turbines (at 
Connors Creek, five house alternators, six boiler-feed pumps 
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general-service pump—twelve turbines in‘all) over their entiré 


range of load and exhaust pressure. We should then have to 
develop combined curves for various load distributions among these 


auxiliaries, and for each of these we should have to compute results 
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for various plant loads and main unit distributions, for various 
values of the condensate temperature and for various values of 
the interval d by which the boiler-feed temperature is below the 
boiling point corresponding to the auxiliary exhaust pressure. 
This is obviously a large undertaking, and one for which we have 
not yet secured adequate data. 

The main facts, however, are clear. For a system of this type 
there is a best point, and it is just as wasteful to heat the feed- 
water to a higher temperature as toalower. We believe that for the 


Connors Creek plant the best economy is obtained with a boiler- 
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feed temperature lying between 160 and 180 deg. fahr., and in this DISCUSSION OF THE POWER WASTE 
eit. iden Ghia’ iientilite : 
range we try to operate. SESSION 
sALANCE SHEET The Power Division held a session on Tuesday morning, Decem- 
The preparation of the accompanying balance sheet, Table 1, ber 6, devoted to the subject of power waste. Prof. A. G. Christie, 
calls for the exercise of considerable judgment in selecting data, Johns Hopkins University, presided at the meeting Papers were 
and even for some ‘‘directed guessing.”” The major items are, of _ presented as follows: Auxiliary System and Heat Balance at the 
course, taken from direct observations, but such things as radiation Delaware Station of the Philadelphia Electric Company, by E. 
and drip losses are not susceptible of measurement by practical L. Hopping; Heat Balance of Colfax Station, by C. W. E. Clarke; 
means, and must be estimated on the basis of other observed data Heat Balance System for Hell Gate Station, by J. H. Lawrence 
or simply on general considerations. and W. M. Keenan; and Heat Balance of the Connors Creek Plant. 
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of the Detroit Edison Company, by D. Harold Berry and F. E. 
Moreton. The meeting was then thrown open to a discussion of 
the general subject of heat balance. 

Prof. Arthur M. Greene, Jr.,' read a written discussion by John 
A. Stevens* in which he criticised the four plants discussed in the 
papers for operating at such low pressures and temperatures. He 
called attention to the recommendation in the report of the Super- 
power Survey of a pressure at the throttle of 300 lb. per sq. in. and 
a superheat of 230 deg. fahr., and submitted figures of the pressures 
and temperatures of important steam plants of this country, 
England and Europe. He expressed a belief that American en- 
gineers were following rather than leading English and French 
engineers in the development and use of high-pressure steam. 

J. R. McDermet*® read a written discussion of Mr. Hopping’s 
paper with special reference to the proposed air extractors men- 
tioned by the author. Mr. McDermet divided systems of driving 
central-station auxiliary apparatus into three groups, (1) by steam, 
(2), by house turbine with electric distribution and (3), by ex- 
traction heating. He said that it was possible by rather compli- 
cated mathematics to show that with an infinite number of ex- 
traction heaters following the turbine expansion, the power-station 
cycle reduces from the Rankin to the Carnot. While from practi- 
cal considerations this infinite number of heaters is impossible, the 
extraction heater method has certain advantages which, he pointed 
out, made it an attractive method of obtaining heat balance. 

The value which Mr. Hopping gave to vent loss from the heater 
appeared to Mr. McDermet to be roughly correct although possibly 
too low. The installation of air extractors as proposed in the 
Delaware Station has three advantages: first, elimination of vent 
loss heat in the operation of the heater which in the proposed in- 
stallation should be reduced to approximately 0.5 per cent instead 
of 5 per cent; second, the loss of water through the heater vent 
in the form of steam will also be eliminated; and third, the reduction 
of temperature of feed from 210 to 140 deg. will give an added 
economizer effect and probably increase the boiler efficiency about 
one per cent. The air extractor which should be used operates 
upon the Elliot system of explosive boiling. 

James M. Taggart,‘ in commenting on Mr. Hopping’s paper, 
said it would be of interest to know the amount of increase in 
heat return realized by lowering the feedwater temperature to 140 
deg. He also commended Mr. Berry’s emphasis of the importance 
of speed control of auxiliaries. He considered that only a doubt- 
ful increase in reliability was being obtained at the Colfax Station 
by the use of turbine drive for forced draft fans and boiler feed 
pumps and that the sacrifice in economy was considerable. 

John Anderson® asked why banking coal losses had not been 
included in Fig. 3 of Mr. Hopping’s paper. He thought Mr. 
Hopping had used too high an economizer efficiency in view of the 
feedwater temperature of 210 deg. If pulverized coal had been 
used in the Delaware Plant a figure of 16,900 B.t.u. per net kw-hr. 
might have been obtained instead of the 17,982 B.t.u. actually 
obtained. 

N. E. Funk® suggested that the Society standardize heat balance 
as it had standardized boiler testing, pointing out that in the 
papers presented three different methods had been used in pre- 
senting heat balances so that comparisons were difficult. He did 
not wish the impression carried away that the Philadelphia Electric 
Company was averse to electric drive for auxiliaries. He thought 
that automatic control appratus which could be started and stopped 
by push buttons was entirely satisfactory and would relieve operators 
of any except the most simple duties. 

Mr. Funk was not in accord with the trend toward higher temp- 
eratures and pressures unless they were necessary in reducing the 
actual cost of producing current. The cost involved in operating 
under high boiler pressures and temperatures must be figured when 
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any theoretical saving due to these changes is proposed. 

Leo Loeb’ spoke of the considerations involved in selecting 
drive for station auxiliaries and presented a summarized heat 
balance covering a week’s operation at the Delaware Station. 

Francis Hodgkinson* spoke of the delusion under which engineers 
had formerly labored that so long as steam from auxiliaries was 
condensed in the feedwater heater the water rate of these auxiliaries 
did not matter. Nine or ten years ago he had devised a series of 
valves for accomplishing heat balance which provided for bleeding 
the main turbine at a time of least efficiency in heating feedwater 
and supplying steam to the turbine when the reverse condition 
existed. One reason for leaning toward the electric drive was 
the elimination of undesirable conditions in the basement con- 
taining steam-driven auxiliaries. He thought that engineers 
generally were favoring the house turbine heat-balance scheme. 

H. R. Summerhayes’ also spoke of the necessity of having steam- 
driven auxiliaries of the highest economy if economy of the main 
unit is desired. 

R. J. 8S. Pigott’ pointed out the fact that the heat consump- 
tion of a plant varies with the load and that in order to determine 
the most economical combination of auxiliaries it is necessary to 
study more than one load. One system for obtaining heat balance 
might be the best for a given load while another system might be 
the best for a variety of loads. 

L. P. Breckenridge! said that he was impressed with the de- 
sirability of serving industrial areas by power plants in which 
the heat energy of the coal could be converted into electric energy 
in the most economical way and called attention to the report 
of the Superpower Survey.'? 

T. E. Keating'® spoke of the most economical boiler feed temp- 
erature which, he said, should be between 160 and 170 deg. if 
economizers are used. 

Joseph Pope™ said that the duplex drive offered difficulties 
in shifting load from the steam to the electric ends. He also 
spoke of the lack of speed control on large turbines at the auxiliary 
steam inlet connection which might result in overspeeding in case 
of a very light load on the turbines and a large supply of low pres- 
sure steam. 

J. B. Seott!® asked if the authors of the papers would install 
the systems of heat balance described by them in case the sta- 
tions were to be redesigned. 

George A. Orrok'® spoke of the possibility of approaching the 
Carnot cycle in the power plant. He believed that the load factor 
at which the station was to run was the determining factor in 
choosing the auxiliaries to be used in working out a heat balance. 


CLOSURE 


E. L. Hopping, in closing the discussion on his paper, and in 
answer to a question which had been asked about burning oil, 
said that the furnaces at the Delaware Station were designed so 
that, with few alterations, oil or pulverized fuel might be used in 
place of stoker-fired coal. In answer to Mr. Anderson, he pointed 
out that the figures given in the paper included the standby losses. 
He called Mr. Hodgkinson’s attention to the cleanliness of the 
auxiliary basement at the Delaware Station where steam-driven 
auxiliaries are installed. As Mr. Piggott had adv:sed, a complete 
study of economies at all loads was entered into in deciding upon 
the auxiliaries for this station. In designing a new station, the 
speaker said, he would use all of the experience gained at the 
present and other stations in making a choice of auxiliaries. 

C. W. E. Clarke, in referring to Mr. Stevens’ suggestion of using 

(Continued on page 74) 
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Compounding the Combustion Engine 


By ELMER A, SPERRY,' NEW YORK, N. Y. 


To engineers versed in the problems of selecting and designing prime 
movers, the advantages of the compound combustion engine are readily 
apparent. It is light compared with the normal Diesel, being in special 
cases, according to the author, less than one-tenth, and in some instances 
less than one-twentieth, the weight for the same output. Its mechanical effi- 
ciency is extremely high, and a distinct gain in overall efficiency from fuel 
to shaft is said to have been made, as well as a very definite gain in sim- 
plicity, direct performance and smoothness of the crankshaft diagram. 
This has been achieved while adhering to the best practice, namely, four- 
cycle operation. 

This paper presents the results of research by the author extending over a 
series of years, during which it is claimed that not only has the high- 
pressure principle been thoroughly established, but all the important re- 
quirements have been worked out, and finally an engine embodying prac- 
tically all the advantages has been subjected to long continuous runs. 


HE high-compression or Diesel cycle in combustion engines has 
worked nothing short of a revolution, having brought to the 
prime mover its choicest heritage, the highest thermodynamic 
efficiency known. The fuel economies of these engines 
have forced them to the front. They have become ex- 


DIFFICULTIES WITH 
THe AuTHOR’s EARLY Work 


COMPOUNDING AS A REMEDY FOR INHERENT 
DIESELS 


In a report made by a group of engineers in 1900, it was stated 
that if the combustion engine could be successfully compounded, 
a most important gain would be made in its weight and size. The 
fact that compounding presents other advantages has been known 
to engineers for a number of years, but the difficulties have been 
looked upon as insurmountable. 

A year ago Professor Watkinson, director of the important 
engineering laboratories of Liverpool University, in discussing an 
epoch-making paper by Engineer-Commander Hawkes on the Ad- 
miralty’s extensive research on Diesels, stated, in substance, that 
we must recognize that the combustion engine in its present state 
was very crude and in compounding only lies the line along which 
the next great step in progress would be made. And he also stated 
that much greater results are bound to follow the compounding of 
combustion engines than were ever realized by compounding steam 


engines; first, because of the very much greater range of pressures 





tremely reliable and to operate; instances are 
becoming common of long runs without overhaul—long- 
continued performance without shutdown or forced stop 
of any kind. 

As experience is gained with these engines, however, 
there have developed some objectionable features which 
are Though they occupy somewhat less space 
than boilers and engines, the weights of Diesels are on a 
par with, if not somewhat in excess of, those of reciprocat- 
ing engines with their boilers and decidedly in excess of 
those of water-tube boilers and turbines. The standard 
product of the largest builder of Diesel engines for the 
merchant service weighs about 450 lb. per shaft horsepower 
and is large and bulky. A substantial increase in tonnage 
of freight carried is only one of the gains that would be 
secured, could these engines be made much lighter and 
smaller for the same power. 

The weight is not the only difficulty with these large 
engines, however, for they cost more than steam equipment 
of equal power. One instance of $200,000 excess for a 
3500-s.hp. ship is cited. In another ship for the same 
service and of the same power the weight was 60 per cent 
in excess of the turbine equipment and the cost 212 per 


easy 


serious. 

















cent, amounting to $306,000 excess. Notwithstanding this 
extra capital charge, the first ship at three-fourths capacity 
in the Far East trade can earn nearly double net (83 per 
cent) over its turbine competitor of the same power and con- 
struction and with its machinery weighing a third more than steam 
equipment.’ 

Again, it has been found that almost without exception a grade 
of fuel oil known as Diesel oil must be employed. This is a partially 
refined product costing upon the present market considerably more 
than bunker oil burned under the boilers. 

The fuel-oil problem in itself renders some advance absolutely 
imperative. Conservation of our oil should be backed by Govern- 
ment enforcement to stop the prodigal waste which results from bulk 
or furnace firing of enormous quantities of these highly concentrated 
fuels, destroying three to five times the quantity, power for power, 
required by steam, especially now since the cheapest petroleum can 
yield to the full its wonderful store of energy in the most direct way 
possible by being burned drop by drop directly in the cylinder and 
practically at the point where the work is to be done. 


Fic. 1 
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available, and secondly, because the great enemy to compounding 
in steam, viz., condensation, is not present. 

Activity in this field is now prodigious and workers in various 
parts of the world are commencing to realize that a great advance 
step is imminent. In America, a group headed by the author has 
been engaged on this problem for upward of thirty years. Starting 
in 1890, his first compound was running before the World’s Fair. 
The patent records give evidence of this early work under date of 
December 10, 1892. A number of engines have steadily followed 
each other, each involving improvements resulting from previous 
experience, until the essential problems have been conquered. Not 
only has the principle been thoroughly established, but all the im- 
portant refinements have been worked out, and finally an engine 
embodying practically all the advances has been subjected to long 
continuous runs. Data almost invaluable to the art have been 
secured, together with a series of indicator cards and diagrams that 
exceed a thousand in number. 

The outcome has been that the various prophecies of thoughtful 
engineers in the past have been more than fulfilled and there is 
every evidence that the heavy-duty compound combustion engine 
is everything that was hoped for. It is light compared with the 
normal Diesel, being in special cases less than one-tenth, and in 
some instances less than one-twentieth, in weight for the same out- 








put. Its mechanical efficiency is extremely high and a distinct gain 
in overall efficiency from fuel to shaft has been made, as well as a 
very definite gain in simplicity, direct performance and smoothness 
of the crankshaft diagram. This has been achieved while adhering 
to the best practice, namely, four-cycle operation. 


CompounpDs LIGHTER AND CHEAPER—MvUcH 


LARGER UNITS PossIBLE 


The lightness and simplicity of the compound solves the capital- 
charge factor automatically. Engines of this type weighing only a 
fraction of the weight of the present Diesel will inevitably be found 
to be much less in first cost as well as in cost of upkeep. 

Much higher powers than are now available are thought to be 
of extreme importance and much interest is centered upon the 
question; in fact, the more advanced among the Diesel builders are 
today concentrating upon ways and means to attain still higher 
powers from a single cylinder working on its present cycle. Of 
course this will increase instead of decrease the weight per horse- 
power. It is to the compound that we must look for a solution of 
this problem, for the reason that within present cylinder and cylinder- 
wall limitations, powers in excess of 10,000 hp. per engine are en- 
tirely practicable and are accompanied by all of the proportionate 
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Fic. °. INDICATOR CARD OF DiESEL ENGINE 
savings in weight, space and capital charge that have been pointed 
out. 

Our own Government has watched the progress of this work 
for a number of years, inspected the development in its various 
stages, and has come forward with orders for an initial engine which, 
together with orders from other sources, is now under construction. 
To illustrate to what low figures:the compound principle can be 
relied upon to bring the heavy-oil engine, it should be stated that 
among these orders is one now under construction to weigh about 
five pounds to the brake horsepower. This may be looked upon as 
extreme, but the designed weights and finished parts as they now 
stand are below this figure. This brings us within striking distance 
of aviation engines, where the fire risk through the presence of gaso- 
line and the electric ignition system constitutes one of the greatest 
menaces to aviation progress. The remarkably high mean effective 
pressures of the heavy-oil compound will give us the aviation 
engine and entirely eliminate both these sources of fire risk. 

The reason for the great weight in all classes of Diesel engines 
is apparent when it is understood that they are designed around 
an extremely small quantity of air and oxygen at each stroke, 
an amount so minute as to be quite surprising when compared to 
the ponderous engine itself. The volume of the power gases avail- 
able to do work is limited to the size of the combustion space, and 
when it is remembered that this is confined to a small crevice in the 
end of the cylinder of the order of one-twentieth of the travel of the 
piston, the limitation is at once seen. Attempts to make it larger 
produce both compression and ignition temperatures that are too 
low and we have semi-Diesel and surface-ignition engines confined 
to smaller sizes with tendencies to a lower grade of performance. 
Such engines are difficult to start and represent no gain in weight. 

Two of these volumes are sometimes combined as in the opposed- 
piston Junkers engine. The size of the combustion space, though 
still minute, is known to give some small advantages over the regu- 
lar engine which has only one-half of this space, but has the dis- 
advantage in common with all two-cycle engines of the fractional 
piston-ring support practically without lubrication on the hot 
bridges as the exhaust port is uncovered by the piston. 

SEPARATE CYLINDERS SUITED TO PRESSURE RANGES—TWO-STAGE 
Compression SecuRES LarGE WorKING VOLUMES 

Take, for instance, the Diesel indicator card, Fig. 2. Draw 
the vertical line XY and it is easy to see that the expansion pres- 
sures to the left are high and should do their work in a high-pressure 
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cylinder, whereas those to the right, especially following the dotted 
extension line of expansion, are definitely low pressures and should 
do their work in a low-pressure cylinder suitable for the purpose. 
This is practically all that is attempted in compounding combustion 
engines. The vertical line XY also divides the compression curve 
into two stages, low and high, the latter taking place in the com- 
bustion cylinder proper as a second stage. No compressor deliver- 
ing 500 or more pounds per square inch will undertake to do so in 
a single stage; there would be at least two stages. The old single- 
stage compression is discarded in the compound and this modern 
method of two-stage compression is adopted. 

Supercharging or compressing in two stages gives the controlling 
advantage in that a very much larger unit volume of gases may 
be handled. The clearance spaces may be many times the size 
of those in the Diesel, and yet it is perfectly simple to bring these 
large volumes up to the requisite pressure and incandescent tem- 
peratures at the instant of fuel injection. 

The large volume of power gases in the combustion chamber 
of the compound at once solves a number of important problems, 
makes the light engine easy of accomplishment, and overcomes a 
number of other difficulties at the same time. No longer is the 
chilled perimeter per unit volume of gas the controlling factor, as 
it is in the Diesel. The chilled walls are retired into the back- 
ground as the large volume asserts itself, as compared with the 
small crevice indicating the total volume available in the normal 
Diesel (shown at C in Fig. 9), where the chilled areas exposed are 
very large and the volume very small. At a glance it will be seen 
that all this is reversed completely in the large dome-shaped clear- 
ance space D in Fig. 9, where the volume has increased very much 
more rapidly than the perimeter. This is again vastly increased 
in the low-pressure cylinder, where an extremely large volume exists 
with still smaller ratio of chilled perimeter. Taking all of the cham- 
bers into consideration, it is found that while retaining all of the 
chilled walls that are necessary for proper handling of the lubrica- 
tion, still a gain is made on the order of 60 per cent in the extent of 
these chilled walls in the compound as compared with the simple 
engine. 

With the large clearance volume we no longer have difficulty 
with solid injection, nor do we have any difficulty in using a wide 
range of heavy fuels. It has been known for years that as soon 
as the oil spray encounters chilled or even red-hot walls, the effi- 
ciency drops.' Here the oil fog may penetrate the deep masses of 
hot compressed air with instantaneous effect in every direction from 
the spray nozzle without encountering chilled walls and instantan- 
eous and very complete combustion results. In the compound 
engine the clearance volume is so large that the entire high-pressure 
piston displacement causes it to lose only a fraction of its pressure, 
thus bringing to the second stage, or low-pressure, both ample 
volume and pressure so that this piston (representing 6, 8 or even 
10 times the area of the high-pressure) is driven to the end of its 
stroke with pressures still above the atmosphere. 


Mucu 


In this way the engine yields an expansion ratio based on gage 
pressures, which instead of being 3 or 4 to 1, as in the case of the 
automobile engine, or about 12 to 1 as in the Diesel, can be made as 
high as 120 to 1, yielding a higher return and greater efficiency 
from the fuel because of the lower temperature of the exhaust. 
The great volume in the combustion space furthermore allows 
this space, without distortion, to extend easily out over the top 
of the low-pressure piston, making a most direct connection there- 
with through a short transfer port (see L, Fig. 9). 


GREATER EXPANSION, HIGHER EFFICIENCIES 


Tue Compounp CycLe 

Fig. 3 shows the cycle card without fuel, taken from the high- 
pressure cylinder in a 10:1 compound. The first-stage compres- 
sion enters the cylinder at point A on its out stroke with the pres- 
sure about 113 lb., giving a power stroke indicated by line A’. At 
point B the induction valve closes and on the in stroke the com- 
pression proper starts and rises on line B’ to Diesel values at C. 
There being no fuel injection, the receding stroke brings the pres- 
sures down on practically the same line B’ to point B (EZ in Figs. 5 
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and 6). Here the transfer valve opens and the gases pass on the 
in stroke to the low-pressure cylinder on line D. This is the out 
stroke of the low-pressure, the pressures sinking to a trifle below 
atmosphere before the final exhaust valve opens and continues 
open nearly during the entire next stroke of the low-pressure piston, 
which is, however, never shown on this high-pressure card but 
on the low-pressure card, Fig. 8. 

Fig. 4 is the air-pump card representing the first stage of the 
compression which delivers air to a small receiver, from which air 
is delivered during the induction stroke, on line A’ of Fig. 3, which, 
it will be observed, is a power stroke with a high mean effective 
pressure, thus recovering some of the power of the pump. 

Fig. 5 is the same as Fig. 3, except that fuel has been injected, 
and shows the regular slow Diesel burning common to all early 
eards of these compounds, where from point C a perfectly level 
line is often drawn to point C’ which marks the point of “cut-off.” 
The gases then expand on line C” to point 2, where the transfer 
valve opens and the gases continue to do work on the large area of 
the low-pressure piston, indicated by line D. The exhaust valve 
opens with pressures only slightly above atmosphere at point D’. 
The ordinary slow Diesel burning has the objection of lower effi- 
ciencies and allowing the heat to be added to the gases out nearer the 
exhaust end of the stroke. 


UTILIZING THE DETONATION OF FUELS 


Through a research extending over a year and a half or more, 
conditions were discovered by means of which “detonation” of 
the fuels may invariably be secured. This extends to a large 
variety, including of course the heavy fuels. While automotive 
engineers have adopted extreme measures, even lowering compres- 
sion, “doping” fuels, ete., ete., in order to avoid the detonation, 
we have béen working in the opposite direction. We have found 
that the thermodynamic efficiency is higher in case of high detonation 


diagrams than with low. Our work has been toward realizing these 
high efficiencies by developing instead of suppressing this high- 
We have therefore sought to harness and 
utilize to the full the detonation phenomenon for the reasons and 
with the results outlined herein. 

Fig. 6 is a typical card taken under the same conditions and the 
same engine as Figs. 3 and 5, exhibiting “detonation” and showing 
the quick burning, piling the heat up at the beginning of the stroke 
and as far away as possible from the exhaust end, giving also a very 
much truer Carnot-cycle card. All recent running of the compound 
engines has been in accordance with this card. One of the achieve- 
ments of high-intensity combustion is better thermal efficiency and 
a still further reduction in the exhaust temperatures. The engine 
with this type of card is lifted from the old constant-pressure to 
the superior constant-volume performance which frees the compound 
from all speed limitations 


intensity combustion 


The detonation characteristics, e.g 
the vertical rise on the diagram, persist even at very high spe ds. 
This card also insures operation at lower fractional powers without 
indication of carbon deposits. 

Fig. 7 is given as showing the range of control of the peak and 
shape of the card at will under the same operating conditions and 
with the same spray nozzle. 


ELIMINATION OF LOSSES IN TRANSFER 


In early attempts at compounding, principally layouts, it was 
found that prohibitive losses would occur in the transfer, due to 
the falling pressures while filling the low-pressure clearances. A 
complete solution of this is found in a special adaptation of the 
process of “‘cushioning’’—closing the exhaust valve at a prede- 
termined point before the out-stroke end, trapping a little of the 
hot gases and cushioning them up to the transfer pressure so the 
transfer valve opens under conditions of equal pressure on each 
side. There are practically no losses sustained in cushioning; 
the power of compression is returned very completely on expansion. 
The additional advantage is secured of preventing all erosion due 
to high velocities of the hot gases over the transfer seats. These 
seats are amply jacketed and are found to remain smooth, bright 
and perfectly sealed over long periods. It is incidentally found 
that in cushioning, the adiabatic compression of the hot gases 
brings with it an equality of temperatures as well as pressures, so 
there is neither loss in pressure nor temperature at this critical point 


ENGINEERING 29 


of transfer and the efficiencies are carried at high values 
the cycle. 


throughout 


Fig. 8 shows the low-pressure card, indicating the same power- 
pressure line D as Figs. 3, 5 and 6. On this in stroke the exhaust 
valve opens at D’ and closes again at point G on the out stroke, 
giving rise to the cushioning curve H, terminating at the same 
pressure and really the same temperature as at F in the high-pressure 
cylinder. 


THe TRANSFER-VALVE PROBLEM 


The point X in Fig. 2 will be recognized as being the same as 
point B in Fig. 3 and point F in Figs. 5 and 6. The transfer valve 
considered as an exhaust valve is here called upon to handle much 
hotter gases than ever heretofore. It must be remembered, how- 
ever, that compression in the compound is by the modern two-stage 
method. Air is admitted to the combustion chamber under com- 


paratively high pressure and although it is warm, yet with each 








FIG.6 








tmosphere of pressure its cooling powers are doubled. Air at 
100 Ib. thus has seven times the cooling power of atmospheric air, 
even times the weight and seven times the molecules in cont: 

for cooling. In forcing the high-pressure piston down on pressure 


line A’ in the above figur 
Now, as a matter of fact, this port is in line with the transfer port 
and the induction valve itself rides on the back of the transfer valve 
in the form of a hollow sleeve J (Fig. 9) seated directly on the top 
of the transfer valve 7. 


air must pass some port in entering 


The back of the transfer valve is pro. ided 
with greatly enlarged radiating and cooling surfaces presented + 
this cooling air and powerful convection currents are constantly 
acting when sealed. Moreover, this air when entering is at high 
velocity and gushes down through and bathes the deeply serrated 
surfaces of the back of the transfer valve, licking up the heat very 
completely in its inward rush. 

Now in following out the cycle, it will be noticed that this is 
the very step that follows directly on the heels of the transfer of 
the hot gases (D, Fig. 3) and continues throughout the next quarter 
cycle (see A’, Fig. 3) and through the entire descent of the high- 
pressure piston, which in this way delivers a real power stroke to 
the crank with mean effectives in some instances greater than the 
mean effective pressures of the ordinary Diesel, thus returning some 
of the power taken te drive the supercharger or first-stage pump. 
If the transfer valve is intensely heated on its under surface (see 7’, 
Fig. 9) and is then instantly intensely cooled on a surface five times 
as great, it will certainly strike and maintain a heat balance which 
in practice is found to be extremely low, only about one-half the 
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temperature of the Liberty valves, nowhere nearly approaching red 
heat nor the temperature of normal Diesel exhaust valves under 
load conditions. 

Again, the heat in these gases absorbed from the hot valve is 
useful inasmuch as it is the auto-ignition temperatures as well as 
pressures that are required at the end of the compression curve B’. 
Here a useful heat transfer and pure regenerative process is carried 
out. The seats give no trouble because they are backed by the 
ample water jackets and, in fact, the whole transfer valve gear 
operates continuously and successfully and is found to be in perfect 
condition after hundreds and even thousands of hours of operation. 


How LIGHTNESS IS OBTAINED IN THE COMPOUND ENGINE 


The question often asked is, To just what is due to smallness 
and lightness of the compound engine? It is this: In the four- 
cycle Diesel we have the tonnage of metal due to the presence of 
high pressures operating at a ridiculously low material efficiency 
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because these high pressures persist only about 2'/2 per cent of the 
total time. The Diesel card rises abruptly and immediately falls. 
All the rest of the time, over 95 per cent, either low pressures or no 
pressures at all are present, whereas in the compound the pressures 
persist and we are dealing with great blocks of power, as can be seen 
from the power curve C”. Although the pressures are not materially 
higher than in Diesel practice, they are made to persist practically 
clear across the card, producing a very large gross mean effective. 
This is instantly followed by another line clear across the card, 
again producing another large gross mean effective in the low- 
pressure cylinder when referred to the high-pressure area, all from a 
single fuel injection. Instead of 60 to 70 lb. net mean effective to 
the crank, delivering its power through a few degrees only of one 
stroke in four, in the compound we have two net mean effectives, 
each of 300 or 400 Ib. per sq. in., succeeding each other and covering 
two strokes out of the four from a single fuel injection, giving very 
much better crank-effort distribution for power purposes. The 
point of paramount interest is that these two large blocks of power 
are secured not by any material increase of pressures, but by using 
large quantities of power gases, and “hanging on” to the pressures 
we have in those gases throughout practically two complete strokes, 
clear across the card twice, thus abstracting much more of the 
power they contain before exhausting. Suppose these to be 330 
Ib. per sq. in. each. Added they make 660, which is easily ten 
times 62 lb., a net mean effective not infrequently met with in 
ordinary Diesels. In an engine of simple construction giving ten 
times the net mean effective to its crankshaft and well distributed, 
there should be no good reason why it should weigh more than one- 
tenth the weight of the present Diesel. 

The power gases work in the Diesel about 120 deg. of arc and 
in the compound 315 deg., or 2.6 times as long; or, considering 
the points of “cut-off” in each, the true expansion curve is 3'/; times 
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as long, which accounts for its large mean effectives and higher 
economies. 


Proper Ratio FoR COMPOUNDS 


As to the proper ratio for compounds, engines of 10 : 1 ratio 
of low-pressure to high-pressure cylinder areas, also 8 : 1 and 6: 1 
have been made, operated and studied, the smaller ratios being at 
present considered more desirable. The weight factor does not 
change materially with changes in ratio in this region. The low- 
pressure piston operates two-cycle. The power distribution and 
the weight of the reciprocating parts both equalize best at about 
6:1. This makes a perfectly balanced unit, the end masses equal- 
ing and also moving oppositely to the central. The two full power 
impulses following each fuel injection are also about equal. 
Thus full four-cylinder performance is secured with only three 
cranks and two extra power impulses are delivered on the induction 
stroke (see line A’, Fig. 3), making six power impulses for each cycle. 

Another unusual advance should be noted, viz., complete 
reversibility and self air starting are secured without 
additional valves or cams over the simple, one-way engine 
without air starting, there being no difference in this 
regard. Again comparing the full-reversing, air-starting 
compound unit with a similar four-cylinder Diesel of any 
prominent make, delivering the same number of primary 
power impulses to the crank, the latter has 16 valves and 
32 cams. The former operates the same cycle with two 
extra power impulses over the Diesel with 5 cams driving 
7 valves. 

Doing away with the three-stage air injection pump, 
its intercoolers and general complexity is another im- 
portant simplification. One United States builder stated 
recently that an excess of 11 per cent of the entire power 
of the engine is absorbed for driving these pumps. 


MARINE Tyre OF CoMPOUND ENGINE 


Fig. 1 shows a 10: 1 compound engine built for heavy 
duty. Although this is a small marine type with high- 
pressure cylinders 7 in. by 11 in. running at 400 r.p.m., yet 
the size of the crank-pitman end in the lower center of the 
engine reveals the ruggedness of these parts. The fuel 
pumps are also shown here and the connection to the 
governor. The camshaft is on a shelf at the top of the 
engine to one side and is driven by skew gears. The electric 
generator forming the full load of this engine is shown in the 
background and one of the transfer valves with its bonnet cover 
stands on the floor in front of the engine. The comparatively small 
size of the engine, although in the foreground, is notable and stands 
out in marked contrast with the engine of Fig. 10, the product of 
the largest Diesel builder. This is the standard marine engine 
for some seventy ships. The electric generator forming the full 
load of this engine (so marked) is also in the background, as in 
Fig. 1. The generators in the two cases of course being standard, 
give an unusually excellent basis of comparison. The compound 
works at a piston speed of about 700 feet per minute and its genera- 
tor would be still smaller in comparison, should it be worked at the 
piston speed of about 900 feet per minute of the large engine. In- 
cidentally, in the foreground of Fig. 10 there is also an excellent 
illustration of the three-stage, intercooled, high-compression air 
pump for spraying the fuel into the cylinders. 

The large size and weight in the Diesels extends to all makes in 
somewhat different degrees. A line of Diesels made in the United 
States are reported to weigh 512 lb. per b.hp. The engine of 
Fig. 10 weighs 450 lb. per b.hp., while the compound in Fig. 1 weighs 
less than 30 Ib. per b.hp. 


INTERNAL CONSTRUCTION OF THE COMPOUND 


Now as to the construction of the compound, Fig. 9 shows an 
elevation to the right of the center, and longitudinal section to the 
left, of the engineshown in Fig. 1. The two high-pressure or com- 
bustion pistons on their out stroke are at the ends and in the center 
the low-pressure at its extreme in stroke. The sturdy construction 
is indicated by the size of the crankshaft, about 50 per cent larger 
than in any other combustion engine of which the author has knowl- 
edge, approaching, as it does, the bore of the combustion cylinders 
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themselves. The fuel pumps P and the control and manipulating 
wheel W are shown in elevation to the right. To the left the large 
dome of clearance D, forming the combustion chamber of the com- 
pound, stands out in marked contrast to standard Diesel practi 

which is shown by the little space C between the solid horizontal 
line at the base of the clearance and the dotted horizontal line just 
ibove. The dome is large and forms an upward extension of the 
combustion cylinder, extending also to the right in a large sweep 
urrounding the transfer valve T which seals the transfer port L 
Che sleeve-like induction valve J is shown seated on top of the 
transfer valve and is controlled by the cam-operated fork F The 
transfer valve and sleeve are lifted by a fork not shown, located in 


thimble S near the top of the stem. The first-stage annular com- 


pression pump G surrounding the trunk piston below the low- 
pressure piston proper, delivers its air to a small receiver, which 
in turn discharges to the cored port A surrounding the induction 
sleeve J, the cooling action of which has been described. The 
little balancing cylinder B sustains a permanent connection with 
The solid-fuel injection valve and 
nozzle N are placed approximately over the center of gravity of 
the large masses of air in the clearance dome D. 


the low-pressure cylinder 


The comparison with the large dome constituting the clearance 
and combustion space in this compound with the small distance 
between the solid horizontal line at the base of the combustion space 
in Fig. 9 and the dotted line indicating the combustion space C in 
the normal Diesel, is simple to make and is significant. 

It is understood that the two high-pressure cylinders are operating 
four-cycle, one 360 deg. back of the other, discharging alternately 
into the low-pressure, which therefore works two-cycle and delivers 
power on each down stroke. The cycle has been pointed out and 
the general operation will be apparent from this figure. 


FIELD OF USEFULNESS OF THE NEW PrimE MOVER 


To engineers versed in the problems of selecting and designing 
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operation are important reasons tor lggestil new fields for this 
prime mover, which has been proven of practical value in a long 
ries of tests under working conditions. ‘The compou engine 1s 
especially adapted for use for auxiliary or stand-by se in water- 
power stations or for carrying the peak loads in central stations 
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where installations as large as 21,000 kva. have been contemplated. 
The important considerations are quick starting, non-deterioration 


of fuel reserve and flexibility of required fuel, amounting 
to almost complete independence of fuel quality. Other 
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uses for the compound which readily suggest themselves 
are city water works and irrigation projects, either directly 
or by electrical distribution. 

The possibilities of the compound-Diesel-electric loco- 
motive should not be overlooked, as it presents all the 
well-recognized advantages of electric traction. At the 
same time it represents a component part of the central 
power station, with the advantage over the latter that it 
operates at the highest thermal efficiencies known—nearly 
three times the efficiency of even a very large power plant, 
i.e., three times the tractive effort is delivered to the rail 
from every pound of fuel burned. 
for main feeders, 


Also the capital charges 
substations, bonded rails and shunted 
switches and frogs, and the third rail or elaborate overhead 
construction are eliminated. The tracks are used exactly as 
they now stand. 


APPLICATION TO SHIP PROPULSION 

We now come to the greatest present employment of 
oil engines, namely, their substitution for steam in ship 
propulsion. The advantages of motorships are rapidly 
being recognized, and they are now being built in prac- 
tically every maritime country more rapidly than ever 
before. There were building last year 454,502 tons of 
Diesel-driven ships, or over 7 per cent of the world’s total 
under construction. In the light of the past ten years’ 
experience the Diesel engine has proved an efficient, 
reliable and thoroughly seaworthy prime mover, suitable 
for a large proportion of the total sea-borne tonnage. 
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prime movers, the advantages of the compound combustion engine 
are readily apparent. Its light weight for a given power with 
resulting low first cost and capital charge, the low costs for founda- 
tions, the high speeds with consequent low costs for connected gen- 
erators, the small space required and the simplicity and economy of 


Nove. ELecrroMaGnetic Ciurcu Arrorps Evasti 
DRIVE 
In connection with the development of the compound 
engine for marine purposes, and in order to provide any Diesel 
type of engine with speed flexibility equaling the reciprocating 
steam engine, there has been developed an electromagnetic clutch 
operating on an entirely new prniciple 
This new type of clutch transmits power entirely through air 
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gaps and has no mechanical contact whatever between the driver 
and driven, eliminating wear and deterioration. It is capable of 
remote control and can be operated at any speed from zero to full 
engine speed; the torque may be varied at will from maximum to 
minimum. The power required to operate the clutch at full load 
is but a small fraction of one per cent of the power transmitted. In 
one instance 525 hp. required 256 watts, or 0.065 per cent of the 
power transmitted. An outstanding feature of this clutch is that 
on direct drive or full speed it is magnetically locked, which in- 
sures perfect synchronism and no slip with an extreme increase in 
pull-out torque. At this and all times, in fact, the transmission 
has the “velvet touch” of an air drive and insures complete torque- 
wise isolation of the mass moments lying on the two sides of the 
clutch. As seen in Fig. 11 the clutch forms a part of even a small- 
sized flywheel of either a Diesel or compound with little, if any, 
alteration of its mass moment. 
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The clutch is characterized by two kinds of torque operating 
by opposite phenomena; the greater the differential or relative 
velocity between the driver and driven parts, the greater the torque 
available for starting and for bringing up to synchronism. This 
phenomenon also provides for slipping and continuous 
operation at all fractional speeds by means of the loaded 
secondary effect acting as an induction motor. 

The air-gap clutch drives through magnetic flux com- 
prising four ring elements, two of which are driving and 
two of which are driven. The flywheel proper accom- 
modates an exciting coil producing the magnetic flux. 
At all fractional speeds or while this clutch is slipping, 
this magneto induction generates large currents in the 
driven elements which are now acting as short-circuited 
secondaries, producing heavy drag torques under perfect 
control by varying the amount of coil excitation. How- 
ever, when the speed comes up in the vicinity of synchro- 
nism, locking occurs. 


PROPOSED INSTALLATION OF PROPELLING MACHINERY 


= , : ‘ , . Fic. 13 
Fig. 12 shows in plan view a proposed installation of the 


propelling machinery, securing the advantage to both 
engine and tail shaft of entire freedom of each to run at 
its own best speed. A propeller for a given ship has a speed at 
which it gives its most efficient performance; likewise a combustion 
engine can be built most economically and to give its best perform- 
ance for a given size if the designer is given entire freedom to choose 
the best engine speed, a condition which is extremely desirable. 

With this clutch and the engine combination shown in Fig. | 
several very important advantages are secured: 

a There are available on a single propeller all the advantages 
and flexibility of a multiple engine equipment, where one engine may 
be shut down and completely disconnected for inspection, valve 
grinding, etc., and yet the ship be going forward at three-quarters 
its normal speed. 

b Complete flexibility of the electric drive without the expense, 
weight and space of the electric generators and motors and the 
cumbersome electric control equipment for handling the heavy 
currents in maneuvering, and the double losses of. generators and 
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motors which are of substantial amount and 
plant and fuel economy. 


a constant drag on 


¢ The simplest form of gear drive may be employed because 
the magnetic clutch allows the pinion to be a complete ‘floater.”’ 
The pinion may thus accommodate itself to any want of precision 
and all sorts of idiosyncrasies of the main gear and teeth without 
shock. Any irregularities existing have to deal only with the small 
masses of the pinion itself and its stub shaft, being completely iso- 
lated from the large mass moments of the engine. 

d The well-known irregularities in torque of any reciprocating 
engine and circumferential oscillation are entirely smoothed out by 
the air gap in the clutch and are not permitted to reach the pinion; 
its specific tooth operation is thus completely safeguarded. The 
crash and general irregularities of the engine torques thus neve1 
reach the pinion and therefore can have no effect on the complet 
smoothness of its pertormance, 

e The torque, being under complete control, can be 
lowered so as to safeguard the equipment against over- 
/ loading, especially when sailing in obstructed harbors 
near derelicts, and where floating obstacles are likely to 
be encountered by the propeller blades, thus providing an 
important emergency disconnecting gear breaking away 
from the large engine masses and allowing the propeller 
stop in its tracks” through the self-interruptibility of ° 
the magnetic clutch when reduced to fractional underload 
condition. In this way many disasters to the propelling 
machinery and interruptions to the service may be avoided 

f Nearly all revolving machinery is subject to periods, 
sometimes running into ‘eriticals."’ These 
criticals always develop from the irregularities in torque 
of the mass moments within the engine pitted against 
outside mass moments aft. 


severe 


This can occur only when 
these are solidly coupled with each other, but if instead 
they are isolated, as by the cushion or air gap of a magnetic 
clutch of proper design, these troublesome criticals with 

their excessive stresses are completely suppressed and can never 

develop. 
g The 


combustion engine is reversible and runs equally well 
in either 


direction. The magnetic clutch solves completely all 





COMPARISON BETWEEN CompouNp Dtvipep-Unir Gearep Drive 


AND 


DELIVERING TO TatL SHAFT THE SAME POWER AND SPEE! 


maneuvering problems, and in this way stands out :n bold contrast 
to the difficult maneuvering and reversing conditions introduced by 
the non-reversible turbine. 

As seen in Fig. 12, a Kingsbury or equivalent thrust bearing 
may be located forward of the main gear. The pinions flanking the 
gear on either side are not necessarily diametrically disposed. This 
gives an excellent distribution of the machinery, compact engine- 
room arrangement, and ample space for the small oil-engine generat- 
ing sets for the ship, which incidentally also supply the clutches with 
the very trifling amount of energy and any other auxiliaries outboard 
of the engines. The engines are completely reversing and self-air 
starting, and either engine may be completely isolated at will. 
When either engine is running, the other may be gradually or quickly 
started up by means of the clutch instead of by air, if desired. The 
engines under this arrangement run with extreme smoothness and 


(Continued on page 74) 




















Commercial Operation of Airplanes 


By L. B. 


In order that those interested in the operation of airplanes for commercial 
use may have an idea of what may be expected of a properly organized and 
operated service, the author presents in this paper an analysis of the record 
of the Air Mail Service of the United States Post Office Department for 
the year ending Sept. 30,1921. The operating record, the cost of operation, 
and the life and maintenance of planes and of engines furnish a basis 
upon which the author points out possible improvements, the most important 
in present practice being the use of efficient commercial planes equipped 
with a thoroughly reliable power plant. In regard to cost of operation, 
the author states that the total operating cost should not exceed 70 cents per 
plane-mile for single-engine planes of not over 400 hp. 


T IS the purpose of the author to present in this paper some 
information which may be found useful by those interested in 
the operation of airplanes as vehicles of transportation for 

profit 

Up to the present time there has been comparatively little such 
commercial service in this country and consequently there have 
been very few data developed which might be useful in an investi- 
gation and analysis of this important subject. 

Commercial flying in Europe .is developing very fast, but the 
conditions under which it is performed make it difficult to apply 
the information gained to operations in this country. A large part 
of the foreign service is devoted to carrying passengers and the 
operations are in many cases partly supported by 


government 
subsidies, and nearly all of the elements of cost are such as to make 
it difficult to apply the results to any proposed operation i the 
United States 

Fortunately, there has service in 
in the United States since May 15, 1918, which has rapidly de- 
veloped into what may be properly characterized as the largest 
commercial operation of airplanes in the world; namely, the Air 
Mail Service operated by the Post Office Department of the United 
States Government. 


however, been a operation 


This service is operated by a purely civilian personnel and is 
very similar in nearly all respects to that which would be effective 
in a purely commercial service. Moreover, the records of this 
service have been carefully kept during its entire existence, and if 
properly interpreted can be used as a basis for estimating the 
probable performance and costs of any commercial service of the 
immediate future. 


(ORGANIZATION 


Che Transcontinental Air Mail Service operates daily in each 
direction between New York and San Francisco, an air-line dis- 
tance of 2630 miles and a total daily mileage of 5260 miles. The 
various flying fields and the principal buildings located on each 
are as follows 


New York lowa City. Ia 1 Office: stock 
Hazelhurst). | Hangar room and re- 

l Storage hangar air building 

1 Office building 1 Tent hangar 
Bellefonte, Pa. 1 Hangar Omaha, Neb 1 Hangar 
Cleveland, Ohio 1 Hangar North Platte, Neb. 1 Hangar 

1 Workshop Cheyenne, Wyo. 1 Hangar 

1 Office Rock Springs, Wyo. 1 Tent hangar 
Bryan, Ohi 1 Hangar Salt Lake City, Utah. 1 Hangar 
Chicago, Il. 1 Large repair hangar Elko, Nev. 1 Tent hangar 

1 Storage hangar Reno, Nev. 1 Hangar 

1 Operating hangar San Francisco, Cal. 1 Hangar 

Ll Office 1 Office 

1 Stock house 

1 Test house with 


stands 
1 Oil house 

The airplane equipment now used in this service has been stand- 
urdized and all machines are the De Haviland planes equipped 
with Liberty 12 engines turned over to the Mail Service by the 

1 Chief, Engineering and Survey Division, Aerial Transport Corp., Mem 
Am.Soc.M.E. 
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War and Na Vy ‘| hese 
accommodate the mail load in the cockpit in front of the pilot 
\ consider- 
able amount of this equipment was turned over as indicated, and 
is stored in two buildings in Newark, N. J. This constitutes the 
major source of supplies for the entire service. 

The total investment of the Air Mail Service is about $800,000 
of which $133,000 is for buildings, trucks, tools, etc., the 
being for airplanes and engines 


Departments machines are rebuilt to 


and strengthened to meet the hard service required 


remainder 


EQUIPMENT 


It is obvious that the actual number of planes in serviceable 
condition and under repair may vary from day to day, but the 
following is a fair average figure for the year: In serviceable condi- 
tion, 50; under repair, 18; awaiting repair, 30. During the year, 
27 planes were damaged beyond repair and salvaged, while 48 new 
planes were placed in service and 
retired. 

Engine equipment has always been in excess of actual need, 


about 20 experimental types 


because of the large number of Liberty engines turned over by the 
Army. The total number of Liberty 12A (Army high-compression 
and Liberty 12N (Navy low-compression), developing about 400 and 
350 hp., respectively, in use is about 9s follows: Engines in service- 
150; engines under and 
The foregoing figures do not represent the 
engine requirements for such a service. 

(An accurate total engine requirements for this 
ised on the following: 22 engines are required for 
the 22 planes in daily service; at least 1 spare engine should be 
at each major station, making a total of 14; another supply of 
approximately 30 engines is necessary for those constantly in transit 


able condition, in planes and as spares, 
waiting repair, 350 


estimate of the 
service Can he b 


including the 
If this service 


75 engines is ample for successful 


between the various fields and the overhaul stations, 
period of overhaul, making a total of 66 engines, 
is properly organized a total of 
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OPERATING RECORD 


The operating record for the shown 1n Table 1] 
For a thorough understanding of these figures it is thought well to 


briefly outline the conditions under which the service was rendered. 


past year Is 


The transcontinental course is divided into 13 legs ol approxi- 
The route 
the eastern, extending from 
the central, from Chicago to Rock Springs, 


mately 200 miles each with stations as given above. 
is divided into three major divisions 
New York to Chicago, 

Wyo., and the western, from tock Springs to San Francisco, Cal 
It has been found that in the western trip the flight is hampered 
by prevailing westerly head winds, whereas the eastern trip is, of 
course, assisted by such conditions. Inasmuch as the suppiy of 
gas for each ship is approximately only four hours at cruising speed, 
it becomes necessary in many flights to stop at intermediate stations 
for service. Many times coming east, planes fly a majoy leg of 
approximately 400 miles. The number of such trips per month 
is somewhat varied, depe nding upon conditions. 

While the available space in each plane accommodates 400 
lb. of mail, the average amount carried per trip for the entire year 
was less than 150 lb. per plane per trip. These planes carry a 
pilot only, who flies a leg in one direction each day, returning to 
his home station the next day and laying off the third day. This 
schedule is, of course, subject to change, which occasionally results 
in a pilot doing more mileage than indicated. 

The total flying time per day varies with the weather conditions, 
but the average speed for the entire year was 86.3 miles per hour; 
for the last 6 months (during better weather conditions) the aver- 
age speed was 87.88 miles per hour. Up to the present time all 
flights have been made during the day. An indication of what is 
possible in a continuous trip, is the record established on Feb. 22 
and 23, when the mail was carried from San Francisco to New York 
in elapsed time of 33 hr’ 20 min., or a total flying time of 26 hr. 


50 min. The fastest scheduled train time between these two 
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points is 92 hr. The eastbound trip from Chicago to New 
York has been made in 5 hr. 30 min. The flight from Salt Lake 
City to San Francisco was made on Oct. 14, 1921, in 6 hr. 1 min. 
elapsed time, or a total flying time of 5 hr. 32 min. over a distance 
of 624 miles. The fastest train between these two points is sched- 
uled for 24 hr. 15 min. It follows that, for the transcontinental 
distance, daylight flying only will cut train time about in half, 
and with night flying, the time is cut to about one third. 

The operation record discloses one feature of special merit 
given under ‘Per Cent of Performance.” It will be noted that 
the percentage of performance for the year was 88.33 per cent. 
For the last 6 months this average was 98 per cent, of which 96 per 
cent was actually completed on scheduled time. In view of the 
fact that the Pennsylvania Railroad in their printed timetables 
boasts of a train performance of 95.6 per cent on time, the foregoing 
record for the last 6 months is truly remarkable. 

As to the effect of weather on the service, it will be noted that 
defaulted trips and the number of forced landings show a decided 
increase during the winter months. An interesting fact is that the 
number of forced landings from mechanical trouble also shows an 
increase, which would indicate the effect of cold weather on the 
quality of work done by mechanics. 
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ing are safe and conservative for estimating the operating costs 
for any similar commercial line. In fact, the figures shown can be 
very much bettered if advantage is taken of the experience gained 
in the Mail Service. 

An analysis and consolidation of the figures given in this table 
are shown in Table 3, which give the service and unit costs and the 
costs per mile for the year. In this table the total costs are di- 
vided into three general headings, namely, Overhead, Flying and 
Maintenance. Under the head of Overhead is included depart- 
mental overhead, office force and watchmen, motorcycles and 
trucks, rent, light, fuel, power, telephone, water and radio. Main- 
tenance consists of miscellaneous, mechanics, helpers, repairs and 
accessories, and warehouse charges. 
grease and oil, and pilots. 

It will be noted that the mileages as shown in column 9, Table |! 
and in column 3, Table 3, do not agree. The former figure is miles 
traveled in regular mail trips and the latter is “total miles’ flown, 
which includes ferry trips, test flights and retrieving planes. The 
“total miles” is the proper basis for estimating costs per mile. 

An examination of Table 2 will show that the largest items of 
cost are gasoline (15.0 per cent of the total), repairs and access- 
ories (18.6 per cent), pilots (12.8 per cent) and mechanics and 


Flying consists of gasoline 


During the year ten pilots and one mechanic were killed—four helpers (14.5 per cent). Considering these separately, it is seen 
TABLE 1 OPERATING RECORD OF THE U. 8. AIR MAIL SERVICE. OCT., 1920—SEPT., 1921 
WEATHER Forcep LanpInGcs 
Trips oe i : ENCOUNTERED Man Dus To 
rips At- lrirs Trirs Un- MILEAGE MILes Per CENT OF , 
Monta PossiBLt , CARRIED 
Scania i TEMPTED | DerauLTeD | COMPLETED Trips in Trips PossipLe | TRAVEL PERFORMANCE “" 
i i Mect Other 
fog clear 
(1) 2) (3) 4 5 6 7 SS ) 10 1! 12 13) 
1920 
October 750 593 157 57 190 143 154.700 123,274 79.68 SO,41 I “4 ’ 
November . 758 575 183 77 230 345 156,076 114,75 73.50 87,302 S5 69 
December. . 884 662 222 105 347 315 178,776 127,306 (1.21 89,94: so 138 
1921 | 
January 850 697 153 sy | 253 | 444 171,900 132,679 77.18 84.435 117 131 
February 782 660 122 71 | 310 350 | 159,238 130,431 81.90 88,135 &2 122 
March. . 918 871 47 | 59 351 | 520 185,652 171.59 92.42 110,117 64 123 
April SS4 S37 17 36 370 | 467 | 178,77 171,156 95.73 117,778 7 107 
May 2 850 833 17 20 320 | 513 171,900 168,307 97.96 115,073 72 SI 
June 832 820 3 10 268 561 | 168,636 | 166,95 09 00 105,838 57 51 
July 624 623 | 1 6 65 | 558 131,450 130,555 | 99.31 | 77,276 34 29 
August 693 O89 | 1 13 129 560 136,974 134,549 98 22 84.680 32 30 
September 657 651 | 6 Ss 180 i71 127.706 125,914 OR AO 88.401 13 8 
Total ‘ 9482 8520 2 549 S013 5247 1.921.784 1.697 560 88.33 1,138,518 77s O66 
1For last 6 months, 98 per cent 
?May 31 — Last day's service on New York—Washington Route 
‘June 30 — Last day's service on St. Louis-Twin Cities Division. 


of the former during the last six months. 
one pilot killed for each 169,756 miles flown. 

During the year 27 planes were so badly wrecked that they were 
salvaged instead of repaired, and there were 145 forced landings 
which resulted in damage to planes ‘necessitating repair work; 
of these about 100 required major repairs. Obviously some were 
damaged more than once during the year. A further analysis of 
this as affecting the cost of operation is given later. 

The large number of actual forced landings from mechanical 
trouble and other causes will no doubt attract attention as being 
excessive, and it should be noted that of the total number of forced 
landings only 172 resulted in damage to the planes. This is one 
plane damaged for every 10 forced landings. 

It should, in fairness, be pointed out that all landings other 
than those regularly scheduled, even though made on an inter- 
mediate Air Mail field, are counted as forced landings. 


This is equivalent to 


Cost oF OPERATION 


The consolidated costs of operating this service for the yearly 
period chosen are shown in Table 2. It will be noted that there 
is no charge for interest on investment. This is of course a proper 
charge in any commercial service and should be added in any 
estimated costs. By making such a charge and adding it to the 
total costs shown in the table, it is thought that the figures result- 


that the gasoline cost cannot be materially reduced by the use of 
more economical engines, for even if engine economy is increased, 
say, 10 per cent (which is difficult), the total reduction would only 
be one tenth of 15 per cent, or 1.5 per cent of the total. 

The largest item, repairs and accessories (column 4), is suscep- 
tible of considerable reduction. The elimination of forced landings 
and the damage resulting therefrom would largely reduce this 
charge. Fair wear and tear on places is relatively very small. 

The basis on which pilots are paid, namely $2000 per annum, 
plus 5, 6, and 7 cents per mile flown, has proved to be very satis- 
factory, and more so than any other basis tried by the Mail Service. 
In all cases it supplies the men with a living wage and develops 
efficient service, which is rewarded by increased pay. 

The pay for chief mechanics in the Mail Service averages $2000 
per annum; other mechanics from $1400 to $1800 per annum; 
helpers from $1100 to $1400 per annum; and watchman and helpers 
from $900 to $1200 per annum. 

An explanation of column 7 is essential. In most of the major 
fields the Mail Service was supplied with flying field, and in some 
cases with hangar facilities, by the cities in which they are located, 
without charge therefor. Rent for field and hangar facilities is 
paid at New York, Bellefonte, Pa., Cleveland, Ohio, Bryan, Ohio, 
Chicago, Illinois, and College Park, Maryland 


(training 
station). 


At all other cities west of Chicago no rent is paid. 
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This item of cost is therefore comparatively low and should be 
modified if used for estimating similar costs of a commercial line, 
unless similar arrangements could be made with 
cipilaties for use of municipal airdromes. If commercial companies 
have to purchase flying fields, as well as field equipment, it would 
of course, add largely to the 
It is believed, however, that very favorable arrangements 
with most of the United States 


various muni- 


capital costs, as well as the operating 
charges. 
can be made large cities in the for 
proper landing-field facilities. 

The analysis shows that the average yea 


yearly 
80.66 cents and for the last six months of the vear, 


operating cost per 
flying mile Wi 
71.83 cents. 
As mentioned herein, if the cost is reduced to a 
the gy will be unreliable: 
is on a plane-mile basis, for it costs but little more to fly a plan 
It safe 
statement that under the conditions prevailing in the Mail Service, 


LSI 


ton-mile | 
figures resultin a fair basis of comparison 


loaded to its capacity than it does to fly it empty. is a 


ile will soon he reduced to the neighborhood 


the cost per plane-n 
of 60 cents. 

With proper equipment and organization, a commercial service 
using single-engine planes of not over 400 hp. each and flying 
day over a to 


only one round trip per distance equivalent 


that of the transcontinental service, can be accomplished for a 
rABLI CONSOLIDATED COSTS OF OPERATIN { 
Ry 
I urs \f 
Mont asc ‘ —_ ‘ 
a 
>) mn S20,.0590 44 Ss). S40.S $92 57 Sir His 5s SIs 
Novem 17,635.9 24) 18,626.50) 1 
Ik l S.4 s HM 2 24 2 2 ; ’ ; 
Jar 21 18,558.44 3 2 28,00 Is s ) { 
} ~ ss s 17.08 1 y } s 
M R051 1.074 531.52 427.8 &32 ; 
\ 4 ie S2 s 
hy 870 § 
Jus (324.08 5447 27.9218 S Om Q 
J l 4 7.7 2 ’ ww 
\ 14,711.17 20,948.14 014 15.4 0 
s 13,530.8 TS) 18,742 & . 4 
I $24 « a & ‘ < q < 
Per ( 
1 


m.: " 
His Is C@speciil 


total cost not exceeding 50 cents per flying milk 
true if more than one round trip per day is flown 


LIF! 


It may be noticed that in the foregoing no account is made of 
depreciation. In the present service no plane has remained intact 
long enough to wear out and so determine even approximats ly a 
rate of depreciation. Before a plane wears out most or all of thy 
parts are replaced and charged up under that heading, or else it 
is SO complet ly destroyed as to be retired from serv ice, charged off 
entirely, with cred 


AND MAINTENANCE OF PLANES 


it for such material as can be salvaged for use in 
repairing other planes. A fairly accurate idea of the rate of this 
destruction may be had from the following data: 

During the year 


7 


planes were so badly damaged that ré pairs 
were not undertaken, these planes being salvaged. Of the many 
forced landings, 145 resulted in necessitating repairs, 
of which about 100 necessitated major repair work. The number 
of ‘‘erashes’’ is thus about 10 per cent of the total number of forced 
landings. The average for the year is one ‘‘crash” for each 17,560 
miles flown with mail; and for the last six months, 31,211 miles. 

The number of planes required as original equipment to operate 
such a service as the Mail Service and the rate and cost of replace- 
ment may be estimated as follows: 


“crashes”’ 


1 plane for each of the 22 daily flights 22 
1 spare plane for each daily flight, to be used in case of ‘‘last- 
minute” trouble with scheduled plane 929 


1 spare plane at each of the 14 fields which may be in transit to and 
from repair shops and under repair 


Total 


14 


ceo cere eeseessece 5S 
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Mail-Service experience shows that after a plane has had abou 
150 hours in the air it is necessary to lay a thorough in 
labo 


average 


it up for 


spection and reconditioning. This operation involves some 


and costs 
The total time required for such a1 


at present is about two months. 


and material (usually new wing covers, ete an 


of S600 per plane. operatior 


Since the flying hours per yea 


are 21,952, the total number of such overhauls is 21,952 150 « 
1), The record lso shows that about 100 planes were so d mage 
as to require repairs. The average cost of these repairs was abou 
$1000 each and the average time about two months per plane 


The present rate of repair and overhaul for the entire Mail Servic 


ete., is so involved in the records that it is difficult to discover th 
exact data. However, methods of 
overhaul have been SO developed and improved that 


maintenance, inspection 
1b IS more 
accurate to base an estimate on the present rate than to uae tote 
hgures for the year. 


“anit 


Present methods of conditioning and caring for engines have 
resulted uniform service of 100 
between overhaul, unless an is damaged in 
“erash.”’ Since a total daily mileage with mail is about 5300 mil 
and the average speed is 86.3 miles per hour, the daily flying tim« 
hours per day. To this must be added the 
sumed in warming up engines (6 hours) and the time of e 
on various test stands, so that the total daily time for the 
is 80 engine-hours. This is equivalent to 0.8 engine rep! 
Crashes, mechanical troubles and causes other than plai 
wear bring up the rate to just about 1.0 engine per flying day 
While this may high, considering that only twenty-t 
planes fly regularly each day, it is not, for 100 flying hours px 


in an almost hours 


ol 


each engine 


SO 


is about 62 time col 


Service 
day. 


seem wi 


running 


I 


Y 


iT 


| 
i 


t 


is about 11 to 12 planes per month 
It is thus seen that about 14 to 15 planes (about one for eacl 
14 fields) must be constantly traveling to and from the repair 
shops and undergoing repair It should be stated that some 
plane repairs are made at many fields as well as at the 1 rep 
shop in ¢ hicago 
An analysis of the above shows tha 
1 The t ! | " 1) pla ‘ 5 
of edule f 
bh One (1) plane repair 1 16,975 scheduled n flow 
Cone ] plane re nodit ] ‘ } 1 (ny) j ' a f w 
U complete enc 62.000 hed w 
I} t nditi } ee) } “ ; 
“ Al Ick FO \ ) ) 
‘ \\ ls 
p 
$s $10,089.8 5 P 
5 rT 
é ‘ ole | 
86S s s . 78 1 
‘ 8 gs S f 2 127,479.8 
M4 ‘ . yu 1 
‘ 4 1764 mS K&R s 1.986.088 
S ‘ i ~ yx 1 ‘ 
g . < ) « . my “8 
| ] S1LOOO ¢ ! 6.0 cent rr 
L hye t of vashout r 27 planes at $4000 each 6.5 cents | 
I ‘ I ir 1 replacements = 14.3 cents per mil 
Chis amounts to a total estimated cost of $238,000. Deducting 
this amount from the total in column 4 ($275,962 . leaves $37 962 
which it is fair to assume is the cost of engine overhauls and repairs 
or about 2.25 cents per mile 
Lire AND MAINTENANCE OF ENGINES 
The record of engines actually replaced, repaired, salvage: 


aced pel 
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engine between overhauls is a very high figure and can only be 
attained by the most efficient and systematic conditioning and 
repair methods in force in the Mail Service. While about 300 
engines were used, the whole 300 were not actually overhauled, 
as many new engines were placed in service during this period. 
The yearly demand is, however, at about a rate of 300 engines 
per year. 

This running time of 100 hours between overhauls is true even 
after the second and sometimes the third overhaul, the necessary 
replacements being made at each overhaul. 

The average cost of an engine overhaul is as follows: 


One mechanic and one helper, 10 days, 8 hours each....... 80 hours 
Washing and valve grinding by other men................ 8 hours 
Carburetor work, cleaning and adjusting................. 4 hours 
econ Gah a Guay as whraen «ane ole ree ; 4 hours 


NS acy iat aatis 5 ean 890d bow eae TRS se 6 hours 





MI: iptis'sdi x Anda wiaiA sto iat mx ignele a haste niniehahe wae a ea a 102 hours 
This total time may vary 50 per cent each way, but it is a fair 
average. The average labor cost is about $75 per engine. The 


TABLE 3 ANALYSIS AND CONSOLIDATION OF FIGURES GIVEN IN 


TABLE 4 FOR PERIOD OCT. 1, 1920-SEPT. 30, 1924 
































VoL. 44, No. 1 


departments for conditioning. All gaskets, especially those at 
carburetor and intake-manifold connections, are replaced with those 
whose condition is known to be good, thus preventing possible 
air leaks and improper carburation. Rubber-hose connections on 
gas, oil and water pipes are all replaced when necessary and it 
is usually necessary. 

By using a timing disk, the correct timing of camshafts, valves 
and distributors is checked and the distributors for each bank 
of cylinders are synchronized both mechanically and electrically 
to within a quarter of a degree. 

After a complete inspection and conditioning, the engine is 
run for about two hours at speeds varying from 300 to 1400 r.p.m 
and also with wide-open throttle. After test, the engine is washed 
with kerosene and again inspected éxternally, and any faults which 
may have developed are corrected. All nuts are tightened, if neces- 
sary, all cotter pins are placed and securely fastened and the general 
condition made up to a standard and passed by the chief mechanic. 

The foregoing constitutes a presentation of the mail record for 
the year, together with its analysis and certain deductions from 
this record, based on the author's experience in and 
knowledge of the Air Mail Service. It is assumed that 
some of the lessons learned in this service, and perhaps 
some of the opinions as to what improvements are possible, 


Service anp Unit Cost | Cost Per Mice, Cents will be interesting, and they are accordingly set forth in 
the following paragraphs. 
Gasoline rotal Time, Total Cost | Cost Mainte- IMPROV EMENTS Pe ISSIBLE 
gal. hr.-min. miles | per per Overhead Flying | nance 
| hour | mile | First and foremost, it must be apparent that the 
| ‘ | < } - . . ~ . 
| (1) (2) |. & . | . | @ (S) actual pay load (or mail load) carried is very small for 
-_ ee | |] planes powered with 400 hp., and if the cost of operation 
1920 | | | 2 ° ° 
October 60,010 1,852-56 154,486 $66.71 $0.80 $0.18 | $0.23 | 80.39 be reduced to a ton-mile basis, the results are not en- 
November. .| 50,573 1,651-20 139,759 | 73.57| 0.87 0.21 0.27 | 0.39 couraging. However, it must also be evident that the 
December 19,844 | 1,56%28 | 131,040 | 83.60) 1.00 0.23 0.29] 0.48 costs really apply to a specific number of plane-miles, 
ain and not ton-miles, for it costs almost exactly as much to fly a 
January ...| 51,427 1,668-51 139,609 | 81.78) 0.98 0.23 } 0.27 0.48 ] E sd loaded. TI! oil l ane i 
February 68,698 | 1,733-04 153,655 | 76.08| 0.92 0.25 0.27 0.40 plane empty as 1t does loaded. 1¢ mal ~p anes Carries 
March 66,929 | 2,103-36 | 186,625 | 73.18) 0.82 0.19 0.25} 0.38 an average load throughout the year of only about 
April 66,854 | 2.17504 | 186,950 67.98] 0.79 0.18 0.25] 0.36 133 lb. per trip aftempted. As previously mentioned, 
May 64,322 2,041-29 181,216 61.08) 0.69 0.19 0.24] 0.26 the maximum mail load possible to put into the space 
June 57,873 2,148-27 185,091 59.33) 0.69 0.15 0.23 0.31 Baht, t 4 | r+} ial 
available . fuselage se converte . or - 
July 48,625 1,644-26 | 148,684 66.76] 0.73 0.18 0.22! 0.33 avaliable in the fuselage of these converted war machine 
August 47,818 1,696-30 | 149,432 63.06) 0.71 0.16 | 0.22] 0.33 was about 400 lb. These machines are now being re- 
September.. 43,953 1,667-07 | 148,099 61.72, 0.70 | O17 _| O21] 0.32 modeled to carry 850 lb. of mail. The important point, 
Potal 676,926 21,952-18 |1,894,646 $69.57) $0 80s however, is that in a plane designed for commercial 
\vee. for year $0. 1933 | $0.246) $0 368 service, using the same Liberty 12, 400-hp. engine, and 
- — — —_—_———- ——_— —_—— costing no more to ope rate, the pay load should he all of 
Total average for vear SO. 66 cent 


Avge. for last 6 months $0.1716 30.2282 


Total Average for last 6 months 71.83 cents per mile 


Col. 3 
= 86.3 miles per hour 
Col. 2 


Average speed for the last 6 months = 87.88 miles per hour 


Average speed for the year 


average cost of the necessary material replacements, based on 
Government war prices, is $150. The average total cost is there- 
fore $225 per engine. ‘This cost may seem excessive, but is justi- 
fied by the amount of careful and accurate work done, which is the 
real reason for 100 hours of further satisfactory service. 

Right here may be a proper place to point out the economy 
resulting from such methods. More frequent overhauls and a less 
satisfactory service record are a sure sequel to a lack of attention 
to the power plant, which is the important element. To illustrate, 
consider briefly the procedure employed in the Air Mail Service. 
ven a new engine is not assumed to be in proper condition. Noth- 
ing is “taken for granted.” The method of conditioning of such an 
engine, and in general all engines after repair, may be briefly de- 
scribed as follows: 

Even new motors are at least partly torn down to inspect the 
condition and fit of cylinders, pistons, piston rings, crankshait 
and pin bearings, gears, etc. Crankshafts are especially checked 
for alignment, end play and proper condition of thrust bearings. 
Carburetors are carefully inspected and calibrated for both mechani- 
cal perfection and proper functioning, as are also generators, dis- 
tributors, and other parts. The usual procedure is to put on 
every engine a set of carburetors, distributors, etc., which have al- 
ready been inspected and calibrated in workrooms devoted to this 
special work. Such similar parts removed are turned into these 


$0). 3182 


ver mile 2000 Ib. 

Another important point to bear in mind is that the 
mail planes make one trip each way per day. A com- 
mercial service operating several trips per day could do so 
without greatly increased overhead costs and at a con- 
siderably reduced unit cost of service. Just what the 
reduction would be, would depend; of course, on the number 
of trips made. Hence it may be fairly said that a most apparent 
improvement is a use of planes designed for commercial service, 
those which will carry a maximum load eccnomically over 
a reasonable distance at high speed. 

The cruising speed of such a plane should not be much, if any, 
less than 100 miles per hour. Head winds of 30 to 40 miles per 
hour are sometimes encountered, which slow down the actual 
ground speed by exactly that much, which means that the 100- 
miles-per-hour plane is traveling at (100-40) 60 miles, whereas a 
plane having an air speed of 130 miles per hour, or 30 per cent 
more, is doing (130-40) 90 miles per hour over the ground, or 50 
per cent more than the 100-mile plane. Some carrying capacity 
should be sacrificed to speed in order to enable a plane to make 
time under adverse weather conditions. High speed also decreases 
the time required to fly a given distance and also decreases the 
total gas consumption, an important consideration, as will be seen. 

Inasmuch as the fuel load is one of the factors in determining 
the size and weight of the plane, it is important that the fuel be 
used as efficiently as possible. The actual cost of the fuel burned 
is not so important as the reduction in the total fuel weight for a 
given flight, for this saving in weight may be put into added cargo; 
or, more important, it can be put into added power-plant weight, 
which will, in large measure, prevent forced landings. Overall 
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efficiency involves (a) reducing plane resistance, (b>) increasing the 


loading per unit of wing area, (c) using a propeller of the highest 
possible efficiency, (d) running the engine, or engines, at nearly 
full power and (¢ The 
effect of a proper combination of the above elements is to reduce 
first cost by using relatively small machines to do the work of large 
ones, Which in turn decreases capital costs and further reduces 


using engines of high specific economy. 


the operating expense. 

The question of reducing plane resistance, that is, increasing 
the ratio of the lift to drag (L/D , seems to have been given serious 
attention only in military or racing machines and has been ignored 
on commercial machines, especially of the multi-engined type 
As the gross load which can be carried is equal to the thrust of 
the propeller multiplied by the ratio of the lift L/D) at 
and as a low-resistance plane does not need to weigh 


to drag 
i given speed 
than one of higher resistance, 


will be 


more it follows that the ‘‘usefulness 
increased by increasing the lift-drag ratio, but in much 
greater proportion. 
per hour with a propeller efficiency of 80 per cent, the net available 
If the L/D ratio of such a plane is 
6 at this speed, the total weight-carrying ability is 18 lb. per hp 
If the weight empty is 10 lb. per hp., the net weight of the useful 
load is 8 lb. per hp. By increasing the lift-drag ratio to 9 instead 
of 6, the total weight-carrying ability will be 27 lb. per hp., and the 
net useful load 17 Ib. per hp. instead of 8 lb. In other words, 
increase of 50 per cent in the L/D ratio increases the useful load 
capacity 112 per cent, a gain by no means negligible and, in fact, 
not difficult to obtain. 
Real airplane engine 


kor example, in an airplane making 100 miles 


thrust is 3 lb. per engine hp. 


an 


efficiency is not in fuel economy alone, 
although a low specific fuel consumption is essential. Contrary 
to more or less popular ideas, reliability is not a direct function of 
weight per horsepower only, for the mere addition of weight does 
not necessarily add reliability. As a matter of fact, the designers 
of recognized ability agree that airplane engines should be as light 
Lightness is an inherent quality of airplane-engine 
design and does not necessarily mean decreasing the factor of 
safety of important members below a safe figure. Making valves 
for instance) much heavier would seriously interfere with their 
proper functioning as valves 

The best engines have a combined fuel and oil consumption of 
seldom less than 0.5 lb. per hp-hr. at full load, so that fuel and oil 
for a 5-hour flight is 2.5 lb. per hp., or more than the weight of a 
modern engine. It is therefore important that the fuel be con- 
sumed efficiently 

If the desire to ‘take off” quickly and climb rapidly is met, 
there must be much more power available than is required for 
economical cruising, and since all present types of engines have 
a higher specific fuel consumption when throttled, it follows that 
best results are to be obtained by some method which permits 
engine speed reduction with a nearly wide-open throttle. The 
variable-pitch propeller for single-engine machines is one solution 
of the problem. 

Another solution is the multiple-unit power plant; that is, two 
or more power units driving a single propeller. 

This brings us to a most important consideration in commercial 
operation, viz., the prevention of forced landings. Their elimina- 
tion will practically insure 100 per cent service all of the time and 
materially reduce the amount of the largest single item of cost, 
viz., that of repairs of planes and engines. Until we can fly planes 
from one airdrome to another with certainty, even at reduced 
speed, we cannot obtain the best service records nor the lowest 


as possible. 


operating costs. 

The author ventures to predict that the next most successful 
departure from a single-engine machine will be the multiple-unit 
plant using a single propeller. And further, that such a power 
plant will not consist of separate complete engines geared to one 
“stick,” but perhaps of two, three, or even more, banks of cylinders 
on a common crankcase, which will also house the necessary shafts, 
gears and clutches in this rigid structure. All the units of such a 
power plant could be used in “taking off” and climbing to a safe 
altitude, after which one or more could be shut down and held in 
reserve to be put into service if required. Engine and propeller 
speeds in such a unit could be made such as to give maximum 
combined efficiency under normal operating conditions. The 
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weight of fuel saved in such an efficient co t 
able length of flight, will compensate for the 


“relay” units of such a power plant. 


mMmbination, over a reason- 


added weight of the 


The experience of the Mail Service, as well that of others, is 
that a landing chassis of ample strength saves many a “‘crash’’ in 
a forced landing, as well as in a hard landing on the flying field 
If the landing gear stays together, much damage is averted, which 
otherwise might be serious. Large wheels and large tires have 
proved to be most useful, especially in rough and soft ground. I 
fact, the Mail Service uses Handley-Pag bomber neeis on the 
DH4 machines as standard equipment and has operated them or 
soft fields, which would have been impossible with standard DH4 
wheels and tir Nor did these larger tires and wheels slow 
down speed to any noticeable extent. There seems to be almost ne 
reasonable limit to the size of wheels which may advantageously 
be used, 

In a large number of forced landings, where damage results, the 
front end of the machine only suffers, such as the propeller ar 
the radiator and possibly the front end of the fuselage when the 
plane ‘‘noses over.”’ This necessitates laying up the whole plan 
during the repair operation. ‘To obviate this, some designers are 
using a separate quick-detachable nose, whicl he engine 
The advantages of such construction are to urrant 
discussion. 

It will no doubt be found desirable in commercial 1 hines to 
use unit construction as much as possible, so that replacements 
may be quickly made and the damaged unit repaired at leisure 

Intelligent engineering attention to the many details of airplane 


design will be well repaid in more efficient operation and d 
We do not need to seek for new or radical types with which 
The present types, properly engined 
handled by a properly 


creased 
cost. 
to run a commercial service. 
will deliver 
organized and operated personne g 

Some idea of what a commercial plane, 


a most satisfactory service if 


100-hp. engine 
can do, is given in the following data, which are based on accurate 


using a 


knowledge of proved performance. Such a plane having a lift- 
drift radio of 9, will not weigh over 5 lb. per sq. ft. of wing area 
Besides fuel and oil for a 4-hour flight, together with a pilot and 
other accessories, such a plane will carry an actual pay load of 


3000 Ib. at a cruising speed of 100 miles per hour with the engine 
throttled down so as to be developing only two-thirds of its maxi- 
mum 400 hp. than the 
mail planes discussed herein. 


perate 


Such a plane will cost no more to « 


CONCLUSIONS 


While both the design and operating methods are susceptible 


of improvement, it is believed that the following are warranted 
from our present knowledge and experience 
a The number of planes required for is about 


given service 


one (1) for each 100 miles of scheduled flight 

b The number of spare engines required is about 50 per cent 
of the total number of planes 

c The total operating cost should not exceed 70 cents per 


plane-mile for single-engine planes of not over 400 hp 
d Scheduled flights over reasonably long distances cun be at 
as the fastest scheduled trains, flying 
in daylight only, and at least three times as fast if night 
flying is done 
Night flying can be successfully accomplished with reliable 


least twice as fast 


power plants and a proper equipment of airdrome beacons 
and landing flares 

The most important and desirable improvement in present 
practice are: the use of efficient commercial planes 


equipped with a thoroughly reliable power plant 

g The United States is admirably adapted to commercial 
airplane service because: (1) the large area permits long 
flying distances; (2) large centers of population well dis- 
tributed over this area should supply ample business, and, 

3) fast transportation of both goods and passengers is 
more in demand than in any other country in the world 

h The development of a large commercial service will furnish 
a reserve of planes, pilots, mechanics and other highly 
skilled men which would undoubtedly be the most valu- 
able and effective part of our national defense. 











Process Charts and Their Place | in Management 


By FRANK B. GILBRETH! anp L. 

The process chart is a device for visualizing a process as a means of 
improving it. Every detail of a process is more or less affected by every 
other detail; therefore the entire process must be presented in such form 
that it can be visualized all at once before any changes are made in any 
of its subdivisions. In any subdivision of the process under examination, 
any changes made without due consideration of all the decisions and all 
the motions that precede and follow that subdivision will often be found 
unsuited to the ultimate plan of operation. 

In this paper the authors point out the place of the process chart 
in management and present established working data used successfully 
in numerous working installations for many years. 
out its simplicity, field of application, 
elc., elc. 

While the process-chart methods will be found helpful in any kind of 
work and under all forms of management, the best results can come, the 
authors state, only where there is a mechanism of management that will 
enforce and make repetitive the conditions of the standards. 


They also point 
its relation to standardization, 


HE Process Chart is a device for visualizing a process as a 

means of improving it. Every detail of a process is more 

or less affected by every other detail; therefore the entire 
process must be presented in such form that it can be visualized 
all at once before any changes are made in any of its subdivisions. 
In any subdivision of the process under examination, any changes 
made without due consideration of all the decisions and all the 
motions that precede and follow that subdivision will often be found 
unsuited to the ultimate plan of operation. 

The process chart is a record of present conditions. It presents, 
in simple, easily understood, compact form, data which must be 
collected and examined before any improvement in existing con- 
ditions and methods is undertaken. Even if existing conditions 
are apparently satisfactory, the chart is useful as presenting much 
information in condensed form. 

The process chart serves as an indicator of profitable changes. 
It assists in preventing “inventing downward,” and stimulates 
invention that is cumulative and of permanent value. It is not 
only the first step in visualizing the one best way to do work, but is 
useful in every stage of deriving it. 

This paper presents established working data used successfully 
in numerous installations for many years. 


FIELD OF APPLICATION OF THE Process CHART 

The process chart lends itself equally well to the routine of 
production, selling, accounting and finance. It presents both 
simple and complicated problems easily and successfully; it pro- 
vides records that are comparable; it assists in solving problems 
of notification and interdepartmental discrepancies, and it makes 
possible the more efficient utilization of similarities different 
kinds of work and in the transfer of skill. 

During the stress of unexpected rush in production, it is often 
considered advisable to continue existing practice in present proc- 
even though inefficient. On the other hand, when pro- 
duction is normal or slow, it is more generally conceded that proc- 
esses can profitably be bettered. 

The use of this process-chart procedure permits recording the 
existing and proposed methods and changes without the slightest 
fear of disturbing or disrupting the actual work itself, and also 
regardless of whether business conditions are usual or unusual. 

Those who are interested in improving their process of production 
should utilize times of industrial depression for that purpose. 
Many concerns are now taking such action; many more could 
undoubtedly enter upon such procedure of scrutinizing all their 
processes with the idea of putting them in the best possible condi- 
tion, if they knew a simple procedure of such analysis. 


esses, 


SIMPLICITY OF THE Process CHART 


The aim of the process chart is to present information regarding 
existing and proposed processes in such simple form that such 
information can become available to and usable by the greatest 

1 President, Frank B. Gilbreth, Mem.Am.Soc.M.E. 
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possible number of people in an organization before any changes 
whatever are actually made, so that the special knowledge and 
suggestions of those in positions of minor importance can be fully 
utilized. 

The time has passed—if it ever existed—when the engineer 
prided himself upon the abstruse material that he studied and 
presented. Today engineering ranks with the other sciences in 
conveying ideas in a form that is immediately usable. We avoid 
“translating,” interpreting and adapting, thus eliminating waste. 

The process chart has met the tests of a satisfactory teaching 
device from the psychological standpoint, 
actory 


as well as of a satis- 
working device from the engineering standpoint. It 
shows the planned process as well as the present process, and there- 
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Fic. 1 STANDARD CHANGE Ounue BLANK 


Note that all blank forms should be thus numbered in each blank space to be 
filled out for describing clearly the One Best‘ Way to Learn Werk 


fore gains the coéperation of those affected. In many instances 
recording industrial processes in process-chart form has resulted 
in astonishing improvements. 


COLLECTING THE INFORMATION 


Process-chart notes and information should be collected and 
set down in sketch form by a highly intelligent man, preferably 
with an engineering training and experience, but who need not 
necessarily have been previously familiar with the actual details 
of the processes. In fact, the unbiased eye of an intelligent and 
experienced process-chart maker usually brings better results 
than does the study of a less keen man with more special information 
regarding present practices of the processes. _The mere act of 


investigating sufficiently to make the notes in good enough condi- 
tion for the draftsman to copy invariably results in many ideas 
and suggestions for improvement, and all of these suggestions, 
good and bad, should be retained and filed together with the de- 
These suggestions and proposed 


scription of the process chart. 
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improvements must be later explained to others, such as boards 
of directors, managers and foremen, and for best results also to 
certain workmen and clerks who have special craft or process 
knowledge. the obstacles due to habit, 
tradition and prejudice, the more intelligence shown by the process- 


To overconn worship ol 
chart recorder, the sooner hearty cooperation of all concerned will 
Any one can make this form of process chart with 
no previous experience in making such charts, but the more ex- 
perience one has in making them, the more certain standard combi- 


be SE cured. 


nations of operations, inspection and transporting can be transferred 
bodily to advantage to the charts of proposed processes. 


UTILIZING SUGGESTIONS 


A new viewpoint concerning old conditions invariably comes to 
those members of the organization who have become so accustomed 
to the traditional method that they cannot easily visualize a new 
method without prejudice until they actually see it in a new graphi- 
cal form. After the rough notes of the process-chart maker have 
been redrawn and blueprinted, they are later exhibited in the 
executives’ theater. 

If discussions arise as to the correctness of the presentation of 
the existing facts, or as to further details of the operations being 
studied, as shown by the simple symbols of the process chart, the 
room can be darkened and inexpensive glass diapositives projected 
on the wall. In addition, those present may be supplied with a 
special pocket folding sterescope for use with the same glass dia- 
positives 

As soon as the old or existing process is understood, a process 
chart of a better sequence and kind of operations which compose 
itis made. The procedure for this is the same for all cases as far as 
they are carried for the time being, but of course those processes 
which warrant the most study should be carried farthest in the 
process-chart procedure. The more people who see the process 
chart and the greater detail into which the regular process charts 
are divided, the more suggestions for improvement will come in. 


RELATION TO STANDARDIZATION 


There is no process that warrants a process chart that does not 
warrant a “‘write-up” or ‘“‘written system.’ The more care taken 
in making the written system, the more will develop the need for 
and appreciation of the value of clearly defined written standards 
The better and the more detail in which the written system is de- 
veloped, the better and easier will the standards and standing 
orders be developed. 

Standards in writing should be made, even if there is not the 
managerial mechanism necessary to enforce and maintain them 
Standards made even with enforcing mechanism absent will hasten 
the day when the enforcing and maintaining mechanism will b« 
installed and continuously operated. The procedure of making 
the standards will invariably lead to the simplifying and improving 
of the various steps as shown on the process chart. 

If it is desirable to study, improve and still further identify th 
subject-matter of each part of the process chart, it should be 
submitted to the regular routine process of standardization. A 
standard is a matter of degree. In its best form it is identified and 
defined with all the care and precision of the best practice for 
making the standing orders. The range, however, is dependent 
upon the degree of perfection with ‘which provision has been made 
for enforcing and maintaining standards. 

While on the subject of range, it is well to call attention to the 
remarkable attempts of Germany and Holland to provide national 
standards. These standards already cover a very W ide field 
from the style of the hand lettering and the rulings to be used on 
the paper on which the standards themselves are printed, to a 
metal seat for a harvester, tractor or tank. The range, in fact, 
already covers a surprisingly wide list of things which have not 
been properly standardized in America, and is intended eventually 
to cover everything that is manufactured in quantity, or that will 
for any other reason reduce costs or improve quality. Although 
there is much to criticise in these foreign standards, they are highly 
meritorious, worthy of continuous and careful attention, and a 
great credit to those who have devised them. 

It must be remembered that the kind of standard adopted will 


affect the process almost invariably. Therefore standardization 
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Fic. 2 STanparp SymBoits For Process CHarrs 


employment and business in general, because manufacturers with- 
out sufficient orders in their regular lines of business to keep going 
will find it more profitable, in many instances, to manufacture the 





j 
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national standards and thus to turn their stores inventories into 

money immediately, rather than let their specially trained and es 
skilled men leave them, with all the disadvantages of a high labor es 
turnover. Here is an endless spiral of benefit, for the more chances _ st 


Many fear standardization of the component elements of a proc- 
s chart as something from which, once done, it will be difficult to 
cape. For the purpose of allaying such groundless fears, the 
andard change order, Fig. has been provided. This, when 


there are for a manufacturer to dispose of his inventory for cash signed by the authorized party, instantly changes, or for a certain 
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Fic. 3 Process CHART FOR 


and keep his organization together a little longer, even in times 
of general timidity, the more he will dare be a purchaser of raw 
material, for the process for such emergencies can be standardized 
andready. The result is standardization, with stabilization of em- 
ployment, a quick capital turnover and a low labor turnover. 


LOADING RIFLE GRENADES 


instance, or a certain time, waives the existing standard whether 
it relates to a thing, a-method, a procedure or a process. It will 
be noted that this change-order blank contains provisions for the 
notification of, and acknowledgment of receipt of notification of, 
all persons who are concerned with, or interested in, the change. 
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Note that in the lower right-hand corners of the various spac 
in Fig. 1 there are small consecutive numbers Phis is standardized 
to agree with write-ups and standing orders for using standard 
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rt ed the standing order is mad bett 
The more the procedure is described by it, the greater will be tl 
improvements and the greater the automati resulting 

If any operation of the process shown in the process chart is on 
that will sufficiently affect similar work, then motion study should 


be made of each part of the process, and the degree to which the 
study should be carried depends upon the opportuniti 

f ting therein lor Ing 
If the operations are highly repetitive or consist of parts or sul 


tudy of many other oper- 
ean be referred to 
warranted it 


‘t times of each of the 


divisions that can be transferred to the 
, then micromotion studies already made 
and further micromotion studies may be 
order that the details of method with the exa 
individual subdivi 
they are called, 
rded for constant 


study can be best visualized if 


new 


ions of the cycle of motions, or “therbligs,” as 
that compose the one best way known, may be 


Such motio1 


re 
pet il 


ind cumulative improvement. 
seen in chart form, and sim 
or all of the large or small circles, 


These sub- 


process ch irts can by I rack ol any 


squares and diamonds shown on the process charts. 


divided motion charts can be made ot ea 
Much benefit can 


‘h and all of the cycles in 
often be derived, 
ily. For best 
complete records are required, such, for example, 
process charts are of work that is highly repetitive, 
micromotion charts can be made which will give the maximum 
the 
These can be still further visual- 
ized by the chronocyclograph process. Both the chronocyclograph 
and the have described before the 
Society, and more recent development in these methods and devices 
for visualizing existing and proposed processes will be the subject 


nv given operation even u 


such motion ch 
especially when 
as when thy 


arts are made rougl results, and 


amount of analysis and visualization of component parts of 
existing and proposed processes. 
micromotion been 


pre CCSS 


of a later paper. 

The records of the micromotion study and the chronocyclograph 
methods and devices present permanently all the facts in such 
form that they can be used at any These photographic 
records can be studied as slowly as desired, regardless of how fast 
the motions of the process were actually made, and the marvels of 
the details of superskill, unknown and unrecognized even by those 
who possess it, can be studied at will, leisurely and intensively, 
by learners everywhere, far as well as near. If desired, these 
errorless records may be used only as far as to fill the need of pres- 
ent requirements, or they may be laid away until further needs 
demand further study, such records being in such perfect detail 


time. 


1See Psychology of Management; Applied Motion Study; and Bulletin of 
the Taylor Society for June 1921. 
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SUMMARY 
The procedure for making, examining and improving a process 


is, therefore, preferably as follows: 


a Examine process and record with rough notes and stereoscopic 


diapositives the existing process in detail 
b Have draftsman copy rough notes 


in form for blueprinting, 


photographie projection and exhibition to executives and others 
c Show the diapositives with stereoscope and lantern slides of 


process charts in executives’ 
d Improve present methods by the us 
1 Suggestion system 


2 Written description of new methods or “write-ups,” 
“written systems,” 


“eodes,”’ 


uals,” 
called 
3 Standards 
4 Standing orders 


(Continued on 


theater to executives and workers 
> of 


* Man- 


as they are variously 


page 70 
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DISCUSSION OF ENGINEERING 
EDUCATION 
Continued from page 7) 


problems of the world had been accomplished without laboratories. 

kX. H. Sniffin® had always held the opinion that it might be a 
good thing if professors were to enter business life and later return 
to the schools. Probably ninety per cent of those graduated from 
engineering schools would be judged ten years later upon the basis 
of their qualities rather than their engineering knowledge. 

Joseph W. Roe‘ said that it was utterly impossible for those who 
were trying to teach the specialist in an undergraduate course in 
any way to meet the full demands. The best that they could do 
was to send out men wellgrounded in the fundamentals, and in 
his Opinion, more important than that, with a right attitude toward 
work and toward investigation. 

H. B. Shaw® could see no reason why some engineering schools 
should not develop along the line of requiring the arts degree for 
entrance, and others develop graduate courses in engineering. 
There was really no need to have all of the engineering schools 
teaching engineering in exactly the same way. 

K. G. Matheson® felt that the so-called collateral studies should 
more largely predominate as being essential to the highest type of 
the engineer; but unless something like adequate compensation 
could be offered so as to attract the very highest type of intellectual 
ibility and training, that the standards of engineering colleges 
would certainly become more mediocre. 

D. C. Jackson’ wished to emphasize the fact that while Mr. 
Otterson suggested in his paper that the test in the engineering 
school seemed to be of a character that solely selected the encyclo- 
pedic mind, the truth was that the tests are, as a rule, intended to 
select men from the standpoint of the powers of analysis and synthe- 
sis. These powers were in fact those which led to a final balanced 
judgment and the accomplishment of the object was one that 
could not be left solely to the engineering school to bring about the 
best results. It was necessary to have the advice of the industrial- 
ists to arrive at the highest type of professional engineers. Pro- 
fessor Jackson’s own definition of it, some years back, was that the 
highest type of professional engineer is one that can conceive exact 
ideas in important engineering works or in engineering affairs. 

J. P. Jackson* defined an engineer as a man who should be in 
charge of all phases of industry except financial investigation. 
Most of the men who had discussed the subject spoke of the im- 
portance of character and he felt that stressing this before an engi- 
neering faculty every few days would do a great deal of good. 

C. A. Adams’? said that he had not heard anything so encouraging 
from the standpoint of teachers of engineering for many years as 
the two papers presented by the industrialists. It showed a great 
advance in the attitude of industry toward engineering education, 
and the emphasis of the two papers, could be summed up in a very 
few words, namely, more emphasis on fundamentals, the ability 
to think rather than a superficial knowledge of the practical side of 
the subject, the amount of cramming necessary. Our engineering 
education was for the most part brutally superficial. The men did 
not get the fundamentals. He would guarantee to take 100 picked 
graduates of electrical engineering schools of this country and 
show that 90 per cent of them had no grasp whatever of the funda- 
mentals of maximum and minimum; that is, a sound grasp, a 
visualizing of phenomena and seeing through the mathematical 
equation into the physics beyond, so understanding the physics that 
they could express it directly in mathematical form. That was the 
difficulty with our engineering education. What was wanted in 
every engineer and every student was the habit of honest thought, 
the habit of demanding a sound foundation for his analysis in what- 
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ever field he is, and of building soundly on that foundation, and not 
the habit of thinking he knows something and throwing from his 
memory the things which he ought to know. 

L. W. Wallace" said that the world, in general, had come to learn 
that the engineering type of mind, the engineering type of approach, 
was the correct type of mind and type of approach to apply to many 
of the perplexing problems that. were confronting society and the 
world today. It should be instilled into young engineers that they 
were in not only a learned profession, but in one of great potential 
possibilities, and that it was not only their duty to do their technical 
work well but to make their ability and training and analytical 
minds felt in dealing with the social problems of the day. 

W. H. Carrier™ agreed with Professor Adams in his statement 
that ninety out of one hundred students did not understand the 
fundamentals of engineering. In many cases he had personally 
found it necessary to learn a great many of these fundamentals 
after he had left college. He was not a particularly backward 
student, but there were too many things to do, and not enough 
time in which to emphasize the fundamentals. The tendency of all 
education had been to place too much emphasis on quantity rather 
than quality. Students had not been taught to reason. They had 
been pushed along too fast. 

R. L. Sackett! said that one thing characteristic of the curriculum 
of Pennsylvania State College that could not be blamed on the 
industries, was a lack of elasticity. All students who entered, say, 
the electrical course was not made in the same mold. They might 
be of equal mental capacity, they might have good minds, but it 
was quite impossible at the present time, in the present state of the 
art that vocationally they should be the same to any extent at the 
beginning of their college course. 

Frank B. Gilbreth™ said that in training the individual for 
accomplishment, judgment should not be developed until after all 
facilities for measurements had been exhausted. He was not pre- 
pared, however, to criticise the product of professors who had done 
such wonderful work for such inadequate rates of compensation. 
Something would have to be done whereby the graduates from the 
colleges, when they came to the industries, would be prepared to 
do something to teach the worker. 

Sidney Ash'™ wished to emphasize a point that Mr. Pratt had 
brought out in his paper, namely, that there had been a considerable 
improvement in several all-around capacity of the average technical 
student turned out in recent years. He came in contact with a 
gree. many men taken in by his company as college graduates, and 
thought that this improvement was about 30 per cent in the types 
that were coming through today. 


PREVENTION OF WASTES IN INDUSTRY 
Continued from page 10) 


trol of the movement of material through the works from one 
operation to another and from one department to another; in- 
adequate, or entire absence of provision for teaching or training 
operators, and minor executives; absence of effective means of 
recording attainments of workers, foremen, etc., so that their 
standing does not so much depend on actual performance as upon 
other things, some of them little if at all related to the work, such 
as nationality, religion, membership in secret organizations or 
fraternities, and sometimes plain graft. 

When we set out to discuss an acknowledged fault our picture 
is necéssarily rather a dark one. There is, of course, a bright 
side. We must work to make that bright side stil! brighter. 

The greatest and most effective incentive for the prevention of 
industrial wastes is disarmament, so to speak; the cultivation of 
friendly relations between all those concerned in industrial enter- 
prises; and the maintenance of such a system as will enable every 
man, from the highest to the lowest, to know what he is responsible 
for, to whom he is responsible, and that he personally will be 
credited and rewarded in proportion to service rendered. 

10 Executive Secretary, American Engineering Council, F.A.E.S., Wash- 
ington, D.C. Mem.Am.Soc.M.E. 
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Radio Ship Control 


Details of the Mechanical Changes Made in the U. S. S. “Iowa,” by Means of Which the Vessel Was 
Operated and Maneuvered From a Distant Control Ship 


By REAR-ADMIRAL R. 8 


Hi bombing tests which were carried ont last summer 


against the old battleship Iowa (now designated Coast 
sattleship No. 4 . during which that ship Was operated and 


maneuvered under her own power without the presence on board 
of any of her officers or crew, created so much publie interest that 
it has that a 


description ol mechanical 


suggested 
the 
were made in her 


been 


changes that 
would by or 

The 
of Mechanical 


power equipment 
interest to the members of 
American society 


Engineers. 


The Jowa is a ship 360 ft. long 
on the water line, of 72.2 ft 
beam, and at a draft of water of 
r4 


ft. has a displacement 
11,346 
vertical triple-expansion engin 
11,800 indicate 


tons. She has twin-screw 


of | horsepowe! 


are eansahle of ao no he 
1 CAPAoie O IVvIng fie 


which gy 
Thev are 


a speed of 17-knots 
of 


eourse, condensing 


‘I | e proble m presented WAS SO 





to modify her power plant that 


GRIFFIN the ship would be suscentible of 


R. 5S 


Rear-ADMIRAI 


control by I idio energy Irom an- 
as to speed and direction, without 


{ any person 
{ that ur } 


being on boar der this condition she should be capable 
of steaming for at least two hours at a speed of about 10 knots 
ind that means should be provided for automatically stopping 


e engines shutting off the oil supply to the boilers after 


and 
‘nmminutes of operat 

rhe 
+} 


ment is the 


yn following a failure of the radio control 
first part of the problem obviously pointed to an oil equip 
and as the J 

was a coal-burning ship it became necessary to transform some of 
| 10 


that could be considered. 


, 
oniyvy one 


lers to oil-burning kr 


The speed requirement of 
deve lopment of but a small fractic 


her Dol 


necessitated the power! 


mn of full 


ind therefore it was neces ary to convert only one-half her boilers 
or steaming at a verv moderate rate of combustion. 

lhe boilers are of the Scotch or return fire-tube type d there 
fore are not so well adapted to oil burning as are water-tube boilers 
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Fig. 1 ALTERATIONS IN ScorcH Marini 
However, for the power that had to be developed, this presented 
no difficulty. The lining with firebrick of the combustion cham- 
bers and thefront end of the furnaces, and the protection of the 
joint of furnace and combustion-chamber sheet were the only 
ilterations that were necessary to the fire side of the boilers. lter- 
ations to the furnace fronts were, of course, necessary to accommo- 
date the oil burners. All these alterations are indicated in Fig. 1. 

Fuel-oil pumps were installed and were equipped with stop 
~ TWashington, D.C. Hon. Mem.Am.Soe.M.E. 
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\ il es in theirs im lines such that these valves could be in intly 
closed by radio signal if it were desired to stop tl g or 
itomatically in « ( »w water in the boilers 
In order to maintain uniform water level, it was necessary to 
install feedwater regulators, which controlled the speed of the feed 
pumps in the usual manner 
The storage of fuel necessary to provide the continuous steam 
ing laid down in the problem was easily effected by utilizing a few 
of the double-bottom compartments 
The only alterations that were ne ! to tl eng were 
certain modifications of the throttles to permit of radio control 
The type of engines made it necessary t r the condition 
in which the engines would be just turning over before the crew 
ibandoned the ship the fur eP radio ct 1 being 
to open the throttle to the exten rv to desired 
speed hich had been determined b nd al yp the 
engines should it be nec rv sotodo. J ! effec- 
tive that no difficulty whatever was exp the 
“l, slowing down being accomplished ve s ind 
rease to full speed in three minutes 
Ye n ixillaries as all pump circul g pump id | lge 
pumps, t op on ¢ no! ed Ww e no 
material influence on either the speed of the engines or the boiler 
conditions, were unaffected | conditions the problem and 
were untouched after once having been set at the proper s} 1 of 
eration 
The points that have thu ir been ned } solely 
propulsion of the ship. In order to maneuve ( vhich 
vas one of the most important considerations in connectio! itl 
the bombing tests, it was necessary that t steam steering engine 
be under as complete radio control as main engines. Ord 
narily this is accomplished through wire-rope transmission from 
he steering wheel on the bridge to the shaft which operates the 
engine-control valve. For this test a small motor was installed 
ind connected by chain drive to the control-val sh: It was 
provided with an automatic reversing contactor controller 
was operated through the radio-controi panel o itomatically 
through the gyro clutch. It pr 1 to be an admirable substitute 
or the hand steering wheel 
Naturally, considerabl Je nergy ¥ 1 be nec ry to 
’ ite the il clic iT | pparatus but is operation 











Boiter TO ApapT It To Orn BURNING 

of the ship’s electric plant during the test would unnecessarily 
complicate the problem without supplying any useful information 
respecting the results which it was desired to accomplish, it was 
decided to provide storage batteries and control panels for the 
several circuits. 

In preparation for radio control the oil-fuel pumps, the air and 
circulating pumps, the feed pumps, an air compressor and a bilge 
pump are put in operation, and the steering engine warmed up 
When conditions are 


and operated by hand control. normal 
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established, the main engines are started and kept running at 
dead-slow sper d, the bridge control of steering engine thrown out, 
all batteries connected to bus bars, and switches to radio-contro!l 
instruments and gyro compass, and steering-engine motor thrown 
in. Everything is now in readiness for radio control and the signal 


hiige Be ie : 
given to “abandon ship. 


As soon as the boats that take off the 
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Fie. 2. Rapro-Conrrot VALVES FOR OPENING AND CLOSING TH 
CONTROL VALVE, Fic. 3 

erew are clear of the ship, she is immediately put under radio con- 

trol by the control ship, which in this case was the battleship 











Fig. 3 D1aAGRAMMATIC ARRANGEMENT OF QuICK-CLOSING Main ENGINE 
THROTTLE VALVES AND CONTROL VALVE 


Ohio, which during the past two years has rendered excellent 
service in radio experimental work under the Bureau of Engineer- 
ing of the Navy Department. 
The method of control will be understood from the following: 
When the air compressor is started, pressure is brought up to 
the “stop valve,” Fig. 2, which may be called the master radio- 
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control valve. This valve is then energized from the ships con 

trol room, by which action air is admitted to the balance eviinder 

of a quick-closing valve in the steam line to the fuel-oil pump and 

up to the “start valve,” as indicated in the sketch The first 
seal 


signal from the control ship energizes the “start ive,” Fig. 2 
which admits air to the piston of the throttle-control \ e shown 
in Fig. 3. This throws the piston to the left, shuts off st 
from the upper balance pistons, and the throttles open to the ey 
tent necessary for the desired speed, the lower balance pistor 
being smaller in diameter than the upper one 
The opening by the control ship of the radio circuit to “start 
valve” closes the valve to air pressure under the action of tl 
spring, and the pressure in the line to throttl 
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released. When this occurs, the piston valve is thrown far enoug 
to the right to uncover the port to the steam pipes leading to the 
upper chambers of the balance cylinders and the throttles clos: 
under the action of the steam pressure. 

Similar action takes place when it is desired to stop the fuel-oil 
pump. The proper opening of the steam valve to this pump 
having been previously determined and air pressure being on its 
balanee piston, a radio signal releases the air pressure, whereupon 
the valve closes automatically under the influence of steam pressure 
on the other side of the balance piston. The throttles close at the 
same time. Fig. 4 shows the type of valve used. 

The requirement that the engines and the fuel-oil pumps should 
stop automatically after a certain lapse of time in case radio con- 
trol failed was accomplished by the introduction of a “time limit 
clock” in the “stop valve” circuit. After the lapse of time for 
which it had been set, the clock opened this circuit, and the steam 
valves to the oil pumps and the engine throttles closed in the manner 
previously described. 

The low-water alarm was of the usual type except that, instead 
of blowing a whistle, the steam was used to operate a piston that 
opened the “stop valve’”’ circuit. 

The principal radio-control apparatus is covered by patents 
of John Hays Hammond, Jr., who permitted the free use of it for 
this test. It was constructed by the General Electric Company 
under the supervision of Mr. Hammond and the Bureau of Engi- 

(Continued on page 70) 
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Code for Displacement Compressors and Blowers 
Preliminary Draft of the Fifth in the Series of Nineteen Codes in Course of Preparation by 
the A.S.M.E. Committee on Power Test Codes 


[ 191S the Power Test Committee of the A.S.M.E. was re- 
organized to revise and enlarge the Power Test Codes of the 
Society, published in 1915. The Committee is a large one, cor 
sisting of a Main Committee of 25 under the chairmanship of 
red R. Low, and 19 Individual Committees of specialists who ar¢ 


lrafting codes for the different classes of 


apparatus comprised i 
Below is reproduced the fifth of these 


power-plant equipment. 
] ’ 


! to be completed, namely, the Test Code for Di place ment 
Compressors and Blowers. 
| Individual Committee which developed this Code is headed 
Ir. Paul D as Chairman, and consists of the 
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2O«idkk e wit the “General Instructions,” the object 
t S ld be determined and recorded. If th object 
1 1 
relates to the fulfilment of a contract guarantee, an agreement 
nould be made between the interested parties concerning all mat- 
ters about which dispute may arise, as noted in Par. 2 of the ‘““Gen- 


and the points agreed upon 


MEASUREMENTS 
3 The measurements to be made in any test of a compressor 
or blower have for their purpose the determination of the follow- 
ng essential quantities: 

1 The quantity air or gas compressed and delivered expressed in 
cubic feet in terms of gas or air under intake conditions of tempera- 
ture and pressure 

rhe average intake and discharge pressures 
c) The power required to compress and deliver the measured amount of 
air or gas handled 

1) The amount of steam, electrical energy or fuel, depending upon the 
method of drive, consumed by the driving element during the test. 

In order to arrive at these quantities and as a means of inter- 
preting them, the following measurements are necéssary: 

e Diameter and stroke of compressor cylinders, or equivalent dimen- 
sions for positive rotary blower 

f) Diameter of piston rods 

g) Number and dimensions of intercoolers and aftercoolers 

h) Principal dimensions of driving element (See appropriate code) 

}) Speed in r.p.m. and total number of revolutions 

1) Indicated horsepower in compressor and driving cylinders 
engine, internal-combustion engine, etc.) 

k) Discharge pressure 

1) Intake pressure 

m) Intercooler pressure 

(n) Barometric pressure 

o) Temperature of air or gas before and after each stage 

p) Temperature of cooling water at inlet and outlet of each jacket and 
cooler 


steam 


1 Mr. Redfield approves the draft of the Code as here printed with the 
exception of Par. 10a. He believes that the amount of moisture removed 
in the separator should be weighed and that this weight should enter into 
the calculations. 
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tb Where the foregoing prescribed method is impracticable, 
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is for example in the case ol a& compressor nandiing 1 ible 
gas or gas which cannot be wasted, one ol! the tollowing instru- 
ments may be used These alte rl es are ] sted rder o’ 
prelerence 
Venturi meter 
Nozzle or orifice in discharge line 
é Receiver tanks of known capacity into which the discharge from the 
compressor may be delievered, to be used only for compressors work- 


ing at a discharge pressure of 1000 lb. per sq ir greater 


If method (c) or (d) is used, the instrument should be applied 
in a pipe through which the gas is permitted to flow under a pressure 
considerably less than the compressor discharge pressure The 
reduction in pressure can be brought about by throttling and will 
result in eliminating, or at least minimizing, the pulsations in flow 
induced by the compressor. 

4c The kind and size of gaging tank and nozzle or orifice selected 
will depend upon the particular method chosen for measuring the 
quantity of air or gas compressed. Whenever possible a low- 
pressure nozzle or orifice shall be used. A low-pressure nozzle is 
one through which the drop in pressure is small, that is, one in 
which the upstream absolute pressure is less than twice the down- 
stream absolute pressure. Its use for high- or moderate-pressure 
compressors involves throttling the gas before it is admitted into 
the gaging tank to such an extent that all, or nearly all, pulsation 
is eliminated. If a high-pressure nozzle is selected, that is, one 
through which the drop in pressure is relatively large (P;>2P2), 
care should be exercised to select an orifice of a size sufficient to 
insure as much throttling between the discharge receiver and the 
gaging tank as possible. 

4d The measurement of the intake and discharge pressures 
shall be by gage attached at the desired point, the fluctuations of 
which are reduced as far as may be by choking the gage cock. 
When extreme accuracy is desired or when the fluctuations are 
large, the average pressure may be found by working up pipe 
diagrams taken at or near the same point, thereby determining 
the mean pressure for the entire stroke. 
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PREPARATION 


5 Before proceeding with a test of a compressor or blower, 
Pars. 4 to 8 of the “General Instructions’ should be carefully 
read. The dimensions and physical conditions not only of the 
compressor but of all the associated parts of the plant essential 
to the object of the tests should be determined and carefully re- 
corded. 

5a Dimensions. The dimensions of the compressor cylinders 
should be determined by actually measuring the machine itself 
without, reference to the drawings. If the cylinders are much 
worn the average diameter should be taken, but proper record of 
the fact should be noted. 

5b The method for measuring clearance will depend upon the 
particular design of the compressor in question. In a reciprocating 
displacement compressor with valves of the automatic type, the 
most satisfactory method will be to calculate the clearance from 
the measured dimensions of the cylinder, its several ports, and 
passages. If detailed drawings are available it will be found con- 
venient to check each dimension of the parts involved by actual 
measurement and from this information compute the clearance 
volume. If mechanically operated valves are used, or if the con- 
struction of the valves of the automatic type is such as to permit 
blocking them in their closed position, the clearance may be ob- 
tained by the water-measurement method. This should only 
be attempted, however, when extreme accuracy is necessary or 
desirable. To carry out this method, refer to Par. 5a of the Code 
for Steam Engines. 

5e The area of the compressor cylinder-jacket surface is that 
part of the cylinder wall or cylinder-head wall in contact with 
the water circulation and should be measured on the dry side of the 
metal. 

5d The intercooler and aftercooler surface should be measured 
on the dry side of the cooling surface. Surface in contact with 
the air to be cooled on the one side and atmospheric air on the other 
side should not be included as cooling surface. If a record of its 
amount is made it should be listed as a separate item. 


OPERATING CONDITIONS 


6 As pointed out in the “General Instructions,” Par. 19, in 
all tests in which the object is to determine the performance under 
conditions of maximum efficiency, or where it is desired to ascer- 
tain the effect of predetermined conditions of operation, all such 
conditions which have an appreciable effect upon the efficiency 
should be maintained as nearly uniform during the trial as the 
limitations of practical work will permit. 

Tests to determine the performance under working conditions 
in which no attempt at uniformity is made are not advised, since 
the only available method of air measurement involves the de- 
termination of the rate of flow and total quantities of gas or air 
must be computed from the observed rate. Unless all conditigns 
of operation are kept uniform or nearly uniform, the results ob- 
tained will not be of any value. 


STARTING AND STOPPING 


7 The compressor should be operated under test conditions for 
a considerable period before a record of its performance is made. 
This period should be of a duration sufficient to bring about a 
steady condition of pressure, temperature and speed. In this con- 
nection Pars. 16 and 18 of the “General Instructions” should be 
sarefully noted. 


DURATION 


8 The duration of compressor tests will generally be governed 
by the requirements in so far as the driving element is concerned, 
and for direction as to the necessary period reference to the ap- 
propriate code governing the driving element should be made. In 
the case of a motor-driven unit accurate results can be obtained 
from very short tests, the controlling factor being the time required 
to record enough sets of observations to demonstrate the uniformity 
of running conditions during the test. 


RECORD 


9 The general data should be recorded as pointed out in Pars. 
20 to 30 of the “General Instructions.” Instruments should be 


read and indicator cards taken from each end of each eylinder at 
least quarter-hourly when the conditions are uniform, and oftene: 
when there is much variation. For short tests referred to in Par 
S, readings and ecards should be taken much more often. If there 
are wide fluctuations in readings they should be shown by recording 
instruments. Each indicator card should be marked with the num- 
ber, date, time, scale of spring, and end of cylinder, and on one 
card of each set the readings of the pressure gages should be re- 
corded. The log should contain the record of the readings of dis- 
charge, intercooler and intake gages, thermometers, revolution 
counter, speed indicator, gaging-tank pressures and temperatures, 
and all other instruments, and these readings should be obtained 
at practically the same time the indicator cards are taken. The 
areas, lengths, and mean effective pressures shown by the indicator 
cards should also be entered in the log. If complete test data are 
required, representative pipe diagrams should be taken with an 
indicator applied near the cylinder port and operated by connection 
to a reducing motion driven from the engine or compressor cross- 
head. 

9a <A set of specimen indicator diagrams should be carefully 
selected from the whole number taken, and these should be em- 
bodied in the record. The specimen cards selected should be such 
as to show the average conditions of pressure. If pipe or port 
diagrams are obtained, specimens of these should also be placed in 
the record. 

CALCULATION OF RESULTS 

10 Volume of Air or Gas. Compressed. The measurement of 
the amount of air or gas through a nozzle, orifice, or venturi tube 
results in a determination expressed in pounds per unit of time 
(See Code for Instruments and Apparatus, Par. —.) The re- 
sults obtained must therefore be reduced to terms of volume at 
the temperature and pressure obtaining at the compressor or 
blower intake. For this purpose the required specific weight at 
intake conditions may be calculated from the following formula 
PX 144 

RT 
where P = absolute intake pressure, lb. per sq. in. 

T = absolute intake temperature, deg. fahr. 

R = constant (= 53.3 for air). 
This assumes that the fluid compressed is ideal gas, an assump- 
tion quite satisfactory for air. The weight of air or gas per minute 
as shown by nozzle measurement divided by the specific weight at 
intake conditions is equal to the volume of free gas or air com 
pressed per minute. 

When natural gas is compressed the value for R is not nearly 
enough constant under all conditions to satisfy engineering re- 
quirements and a correction must be made, depending in amount 
on the ratio of compression and the nature of the gas. (See Code 
for Instruments and Apparatus, Par. —.) 

10a' Correction for Moisture. In the case of a compressor 
handling moist air, if some of the moisture is condensed during 
the process of intercooling and aftercooling, the air under discharge 
pressure will be saturated. In order to correct the rate of flow as 
shown by the orifice results it will only be necessary to figure the 
capacity of the compressor in terms of a total pressure equal to the 
sum of the partial pressure of air under intake conditions plus the 
partial pressure of the moisture in moist air having a relative humid- 
ity less than that observed in the intake by an amount representing 
the moisture removed in the cylinders, intercoolers, and aftercoolers. 
To determine this equivalent pressure to be used in calculating the 
specific volume, the following formula may be used: 


Specific weight = in lb. per cu. ft 


P=Pa+Pm 
where Pg = partial pressure for air in intake 
Pm = partial pressure of moisture corrected for water of 


condensation removed from compressor and coolers. 

To arrive at the value for P,, proceed as follows: In the steam 
tables find the density of steam corresponding to the observed 
temperature in the discharge receiver. Multiply this first by the 
ratio of the observed absolute intake pressure to the observed 
absolute discharge pressure and then by the ratio of the absolute 
temperature in the discharge receiver to the absolute temperature 


1See footnote on preceding page. 
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in the intake. The value thus obtained 
density, 
will be found the desired partial pressure P,, 


It should he noted that the 


will be a hypothetical 
opposite wl! ch om thre pressure column of the ste am t abl 


correction for moisture may be 


properly made only if moisture in the form of condensate is actually 


removed from the coolers. Care should be taken to make sure 


that the discharge temperature and pressure used is taken at o1 
near the outlet of the cooler. If no aftercooler is installed the 
discharge temperature and pressure at or near the outlet of the 


intercooler should be used in the calculation outlined above 
ll Indicated Horsepower. The 


end of the cylinder is found by using the formula 


indicated horsepowe! lor ene 


| lip 


where /’ represents the mean effective pressure in pounds pet 
square inch, L the length of the stroke in feet, A the area in square 
inches of the piston less the area of the piston rod, if any, and A 
the number of revolutions per minute. The total horsepower of 
the cylinder is the sum of the horsepower developed in the two ends 

lla The Mean Effect ve Pressure should be found by dividing 
the area of the indicator diagram in square inches as determined 
with a planimeter by the length of the diagram in inches, 
multiplying the quotient by the average scale of the indicator 
spring. If a planimeter is not available, the approximate mean 
effective pressure may be determined by finding the average height 


and 


of the diagram in inches as obtained by averaging a suitable number 
or ordinates, at least twenty, measured between the lines of the 
forward and return strokes, and then multiplying this average by 
the scale of the spring The length of the indicator diagram is the 
measured distance along the atmospheric-pressure line between 
ordinates erected perpendic ular to it and passing through the ends 
of the indicator diagram. 

12 The horsepor cr re quired to compress isothermally the measured 
quantity of air at average speed of the compressor is found by multi- 
plying the volume compressed per minute in cubic feet corrected 
to intake pressure and temperature by the absolute intake pressure 
in pounds per square foot and by the hyperbolic logarithm of the 
ratio of the absolute discharge pressure to the absolute intake 
pressure and dividing the product by 33,000. 

13. The Gross Horsepower is the indicated horsepower in the 
steam or power cylinders in the case of a steam or internal-com- 
bustion-engine-driven compressor; the electrical horsepower mul- 
tiplied by the motor efficiency in the case of a motor-driven com- 
pressor; and the brake horsepower delivered to the compresso! 
In the case of a 
the power absorbed by 


shaft in the case of a belt-driven compressor 
compressor driven through belt, gear, etc., 
the belt, gear, etc., must be taken into account. 

14 Electrical Horsepowe r The electrical horsepower of a 
motor is found by dividing the input at the terminals expressed 
in kilowatts by the constant 0.746. In the case of an alternating- 
current motor, the input determined, whether expressed in electrical 
horsepower or kilowatts, should be the total input. When the 
power for excitation or ventilation is taken directly from the com- 
pressor shaft, the total input is that indicated at the a.c. 
but if the motor efficiency as given does not account 
for the exciter input: and exciter loss, the total electrical horse- 
power used in calculating the gross horsepower (Par. 13) is that 
indicated at the motor terminals less an equivalent current re- 
quired to run the exciter. 

15 Volumetric Efficiency. The volumetric efficiency is the 
ratio of the capacity of the compressor to displacement. The 
capacity is the actual amount of air or gas compressed and delivered, 
expressed in cubic feet per minute at intake temperature and 
pressure. 

16 Mechanical Efficiency. The mechanical efficiency is the 
ratio of the air indicated horsepower to the indicated horsepower 
in the power cylinders in the case of a steam-driven or internal- 
combustion-engine-driven compressor, and to the brake horse- 
power delivered to the shaft in the case of a power-driven machine. 

17 Compression Efficiency. The compression efficiency is the 
ratio of the work required to compress isothermally all the air or 
gas delivered by the compressor to the work done within the com- 
pressor cylinder, as shown by the indicator cards. The two factors 


motor 
terminals: 
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1 ived this ratio are d " ' ’ 2 | ] a 
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mpression efficiency and the mechanical efficiency 


DATA AND RESULTS 


THI 
an l 


herewith 


results should be reported in accorda witl 


adding lines for data not provided for 


e tabies given 


or omitting those not required, as may conform to the purposes of 
the test Unless otherwise indicated, the items should be the 
verages of all observations 

Table 1 constitutes the data and results applying to the com- 


Tables 2, 


ing to the driving element 


pressing element and 3 and 4 the data and results apply- 
for motor, steam-engine and internal- 
In reporting a test Table 
| should be combined with its appropriate driving-element table, 
the two being thrown together to form one complete table. The 
Tables 1, 2, 3 and 4 are so numbered as to indicate how 
this may be done most conveniently 


combustion-engine drive, respectively. 


items of 


rABLE 1 DATA AND RESULTS OF TEST ON POWER-DRIVEN 
DISPLACEMENT AIR COMPRESSOR 
COMPRESSING ELEMENT 
4.S.M.E. Code of 1923 
GENERAL INFORMATION 
l Date of test 
Location 
()wner 
i Builder 
lest conducted by 
‘ Object of test 
DescriPpTION, Dimensions, Ex OF COMPRESSOI 
[ype of compressor (single or multiple stage, and kind " 
S) ‘Type of compressor valves 
} Method of driving’ compressor 
10 Method of volume control 
11 Rated discharge pressure lb. per eq. im 
12 tated speed r.p.m 
Rated displacement cu. ft. per min 
14 Rated output expressed in volume (air or gas at intake pressure and 
temperature cu. ft. per min 
15 [ype of intercoolers and aftercooler 
t 2nd 3rd 
ter in inter 
‘ ler ler soler 
1t Are f water-cooled surface, sq 
See Pa 
| re 
stage stage stage 
17 Diameter of compressor linders 
1S Stroke of pistons, ft 
19 Diameter of piston rods or tail rods, in 
2 Clearance in terms of piston dis 
icement, per t Ist s wt tage i stage 
(lea ler d 
Clear e, crank end 
(learance, average 
\ der ratio based pist 
cem t 
] stage to 2nd ge 
2nd stage to 3rd stage 
Total Ist stage to final 
= pct 
22 Horsepower constant, air cylinder Iststage 2nd stage rd stage 
a) Head end (stroke X net 
piston area + 33,000) 
Crank end (stroke X net 
piston area + 33,000 
23 Area of compressor cylinder jack- Ist stage 2nd stage i stage 
eted surface Sq. it sq. it sq. ft 
24 Length and cross-sectional area, 
intake pipe , . it. it it 
25) Diameter of final discharge pipe in in. in 
Description, Dimensions, Etrc., or Compressor Driving ELEMENT 
(see Tables 2, 3 or 4) 
lest Data anp REsuLts 
10) Duration of test Ca 
Average Pressures 
(41) 3arometric pressure in. of mercury 
(a) Corresponding absolute pressure < lb. per sq. in 


(42 Pressure by gage at intake near cylinder 
(a) Corresponding absolute pressure 


lb. per sq. in 
Ib. per sq. im 
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4b) Maximum pressure above or below atmosphere 








by intake-pipe diagram..................... Ib. per sq. in. 
c) Minimum pressure above or ‘below ‘atmosphere 
by intake-pipe diagram near cylinders. (See Par. 
4c 1) coecereseces ° . lb. per sq. in 
43) Pressure above atmosphere in " discharge pipe near 
high-pressure cylinder by gage......... lb. per sq. in 
a) Corresponding absolute pressure. wee lb. per sq. in. 
b) Maximum pressure above atmosphere, disch: urge 
pipe diagram near high-pressure cylinder lb. per sq. in. 
: c) Minimum pressure above atmosphere, discharge 
pipe diagram near high-pressure cylinder. (See 
Par. 4d. a out Ib. per sq. it 
4 Pressure in Ist intercooler by gage. lb. per sq. in. 
(See Par. 4d 
$5) Pressure in 21 d intercooler by gage lb. per sq. in 
See Par. 4d 
iverage Temperatures 
90 Engine-room temperature . leg. fahr 
51 lemperature of air or gas near intake, dry-bulb deg. fahr 
92 emp ture of air or gas near intake, wet-bulb deg. fahr 
Ist cy! 2d ey! sd cyl 
53 lemperature iir or gas in suc 
tion port, deg. fahr 
54 lex t f air or gas in di 
rege rt, deg. fahr. 
35 Pemperaturt yt icket 
W er let anr 
5 ler f jacket e¢ 
water et, deg nT 
is té 
7 Lemper nr ¢ er cir¢ 
water inlet, deg. fahr 
38 ] mper ire ol ce er cir ul it 
water outlet, de ahr 
9 r ture r gas in ga t 
Total Quantit 
65) Relat humidity of air or gas at intake compressor (use Smit! 
sonian Tables).... per cent 
66) Air compressed and delivered to line lb. 
See Pars. 4a and 4b 
67) Air or gas compressed and delivered to line expressed in cu. ft. at 
int » pressure and temperature cu. it 
(See Pars. 10 and 10a) 
lst cy) 2d evi. 3d cyl 
68) Cooling water supplied jackets, lb. 
Ist 2d alter 
stage stage cooler 
69) Cooling water supplied coolers, lb 
Unit Quantities 
76) Volume of air or gas at intake pressure and temperature compressed 
and delivered per minute [Item 67 + (60 * Item 40) ] cu. ft. 
Ist cyl. 2d cyl. 3d cyl. 
77) Cooling water supplied jackets, 
lb. or gal. per min. [Item 68 
60 X Item 40)]........... 
78) Cooling water supplied inter- Ist stage 2d stage after cooler 
coolers, lb. or gal. per min. [Item 
69 + (60 X Item 40)]..... 
Speed 
82) Total number of revolutions as shown by compressor counter 
83) Revolutions per minute [Item 82 + (60 X Item 40)] r.p.m 
84) Average piston speed ft. per min. 
Power 
(85) Indicated horsepower of compressor cylinders, whole compressor 
86) Low-pressure compressor cylinder, horsepower: 
ee ee a ae i.hp. 
INS cs und pie tia i-hp. 
87) Interme »diate-pressure compressor cy linde +r horse spower: 
r Crank end.... i.hp. 
Head end i.hp. 
(88) High-pressure compressor r cylinder horsepowe r: 
eee er i-hp. 
RRS S ytdtl Sal eR ee ie oe a a bees saat oanea dies i.hp 
89) Friction horsepower [Item 101 (Table 2) or 90 ( Table 3 3)—Item 85] 
EP eS eae ee i-hp. 


Power Input 
(See Tables 2, 3 or 4) 


Economy Results 


(102) Gross horsepower per cu. ft. of air or gas delivered per min. at intake 
pressure and temperature (See Par. 13)................. hp. 
(103) Electrical horsepower per cu. ft. of air of gas delivered per min. at 


intake pressure and temperature (See Par. 14).... hp. 
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(104) Indicated horsepower 
delivered per min. 
Item 


76) 


Efficiency Results 











VoL. 
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in compressor cylinder per cu. ft. of air or gas 
at intake pressure and temperature (Item 85 


hp. j 





(109) Horsepower required to compress isothermally measured quantity 
of air or gus at average speed of compressor during test (See Par 
12) hp 
110) Volume tric efficiency (See Par. 15 per cent 
(111) Compression efficiency (See Par. 17 per cent 
(112) Mechanical efficiency (See Par. 16) per cent 
113 Overall efficiency (See Par. 18 per cent 
TABLE 2 ADDITIONAL ITEMS APPLYING ONLY WHEN THE j 
DRIVING ELEMENT IS AN ELECTRIC MOTOR 
Description, Dimer ’ { of ¢ D 
26) Type of motor 
27) Rated power of 1 I 
28) Volts 
20) Amperes 
0) Phase 
$1 Cyelk 
2 Rev t | ! 1 
} ype lrat ex I 
Volts 
4 
Por ’ ; 
10 V 8 
1) Am 
) Power f ‘ 
3 Exciter 
Volt 
j Ar res 
) I ex I build te T t 
5) Hor wer input t r tor ted r r W ter 
and wer tor meter hp 
JO) Ho power input to motor !t vatt ‘ter hp 
7 Efficient im r (from |} li te | 
98 Net mot hor t I 
99) Horsepower output for exciter hy 
(100) Net horsepower to dive exciter hy 
(101) Horsepower to drive compressor or blower hy 
TABLE 3 ADDITIONAL ITEMS APPLYING ONLY WHEN THE 
DRIVING ELEMENT IS A STEAM ENGINE 
De cripl , Dimen ions, etc., of Con pre rd r 
26) niecieilhi gine (simple or m tiple expansic 
27) T ype of steam \ lves 
28) Auxiliaries (steam or electric drive , 
29) Type and make of condenser equipment 
(30) Rated capacity of condenser equipment 
(31) Type of air pump, jacket pump, and reheater pump (direct or tn 
dependently driven 
(32) Type of governing apparatus 
ist 2nd 3rd 
- evi evl 
33) Diameter of steam cylinders, ir 
(34) Stroke of pistons, ft. , 
(35) Clearance in terms of piston dis 
placement, per cent 
(c) Clearance, crank end 
(d) Clearance, head end 
36) Horsepower constant, steam cylinder: 
(a) Headend 
(b) Crank end 
37) Area of steam-cyl. jacketed surface 
sq. ft.. ; 
(38) Area of interior surface, sq. ft. 
39) Steam cylinder ratio (overall) 
(a) 1st cylinder to 2nd cylinder 
(b) 2nd cylinder to 3rd eylinder 
Average Pressures 
(46) Pressure above atmosphere in steam pipe near throttle, by gage 
ee ee a. lb. per sq. in 
(a) Corresponding absolute pressure lb. per sq. in 
(6) Maximum pressure above atmosphere, steam- 
pipe diagram near throttle wy lb. per sq. in 
(c) Minimum pressure above atmosphere, steam- q 
pipe diagram near throttle Ib. per aq. in. 
Ist cyl. 2d cyl. 3d cyl. 
(47) Pressure in steam receiver - gage, 
lb. per sq. in. ‘ 
(48) Pressure in exhaust pipe near engine by: mercury column...... 
5 Sih atacand dod eae ales ie. in. of mercury 
(a) Corresponding absolute pressure. eeG ss shed lb. per sq. in 
(49) Pressure in jackets and reheater lb. per sq. in. 


Average Temperatures 
(60) 
(61) 


Temperature of steam near throttle 


Temperature of saturated steam near throttle......... 
(Continued on page 70) 


deg. fahr. 
deg. fahr. 
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| | I 

















By E. WIRTH 
TH { ( ( ip ) | I{ 
I Ww I it tl prot ] “ I 
M q notwl y 
i per Lio l 
] 1.} 
I ent ( LUADLe « i 
" 1 hut r f \ 
f | 
| " the ipol mre 
‘ | iO ‘ t 
r and ber of t ( \ 
pre red med y 
( ] he ed t ( ( vy 
lad iu nce ¢ | lve 
by ] } ~ 
Mlueg 
~ ‘ y ' ~ e*T tT) i ] ‘ 
r pol ! I lved 1 I 
l W wwever, hold rimental deter 
, \ 
re peci once in his own pract 
to ¢ I ) " or il ne poratol 
bu ecause the | 1, with constant specific g A 1C A f , 
riation in boiling point as high as 2 deg. cent. This ’ x ’ 
rry | I test ‘ ‘ aing o T i ( ns ‘ ble 1» } | WN 
and without appare errors 1n measure! \ \ 
he data obtained by direct measurement (Fig. 1) do not ‘ \ 
rregulal ia S ut product wcordance W t ‘a \ \ | 
specific gravity of the lutions, points lying along two par \ aS 
; : ’ | ie = ey ik | 
lines, which would indicate the upper and lower limits of je | \ 
In the case of the glycerine solution, the greatest variation o - TN a 
boiling point is 2 deg. cent., equivalent to 40 per cent i to . , LN nel 
~ 
s - ~\i. : 
6 ort Oo : NO | 
6 i : ai 
< rs y~ 20004 we ee i 
— | - +3 dl 
/ Ane SL 
rave oT “| ie x 
Pd Ba Pas a | | 10 pe fh wis | 
Fy Fo ALA ; ——- t7 12 is 
| BD BS. I 2 ULPH Lys 
a ~ 4 a. | 11 SChAS Fm :| MSga? “? é uber starting point, s a ‘ 1 t 
"415 12 125 13 35 " HM aerme ngsca coefficient of at tran n ' 
, ; der Lauge pecific gravity of th alt lutio 
Fic. 1 Bomsne-Pornt Curves or Various Lyes 
Siedelemperatur-Erhochung = rise of boiling point: Spezifisches Gewicl recifi : 
seaciemper v-i7 Aung ise ouing poin / . i With this done tne total resistance is t ot , and the 


gravity 


temperature head of 5 deg. cent. This is sufficient to cut in half 
the performance of the evaporator and shift the compressor into 
the unstable region of “pumping.” 

Fig. 1 shows not only the variability of the boiling point but also 
its location as compared with that of pure water. As shown by 
the curves, the mother liquids can have boiling points 10 deg. cent. 

18 deg. fahr.) or more in excess of water, which may make entirely 
impossible the application of the process. This also shows that 
evaporator performances of 40 to 85 kg. (88 to 187 lb.) per hp-hr. 
which have been attained occasionally can be secured only under 
exceptionally favorable conditions and must not be considered 
as being possible in general practice. 
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At/w, similar t 


in electrical engineering 


total heat flow i 
the formula for 

The partial re 
increased by the formation of solid deposits separating out of the 
mother liquid. 

In a certain test there were used in an evaporator first chemical) 
pure non-corrosive sulphite lye and then unpurified lye of similar 
material, with specific gravities up to 1.3. The 
2. From this it would appear that w 
increasing concentration the heat transfer in the case of pure salt 
lye decreases, but that the difference in heat transfer is very muc! 
greater with unpurified lyes because of an increasing formation 
of a crust over the heattmg elements. Notwithstanding the fact 
that the sediment formation at the end of a 10-hr. run appeared 


s expressed by the equation A] 
current, 2 e/w, 


‘sistance on the evaporator side may be materially, 


heat-transfer 


values are shown in Fig. it! 
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still to be comparatively light and attacked only a part of the 
heating element. At the end of the test the coefficient of heat 
transmission was 3000 for the pure salt solution and 1250 for the 
impure lye. That the formation of deposits produces unfavorable 
results in so far as the effectiveness of evaporators is concerned, 
has been, of course, known for a long time, but it is always assumed 
that this would apply to very long periods of operation and that 
cleaning of the tubes would afford a relief for a considerable length 
of time. The present tests would indicate that this is not always 
30. 

In addition to the maintenance of the walls of the evaporator 
in a clean condition, the lively movement of liquid in the proximity 
of the heater walls has also a great influence on partial resistance 
to heat flow. 

The partial resistance on the side where condensation takes 


AG/h 





Fie. 3 Curves SHOWING THE IRREGULARITY OF OPERATION OF AN Evap- 


ORATOR DvE TO DisTURBANCE 
(Other than the presence of air arising on the condensation side) 


Wasser = water; Verdampfleistung = evaporation output; Dawer des Betriebes = 
duration of run.) 


place is materially dependent on the presence of non-condensable 
gases in the steam. For example, the author found by measure- 
ment on a vacuum evaporator which was not quite tight that 
even 3.5 parts per thousand by weight of air in the steam on the 
condenser outlet side reduces the coefficients of heat transfer 
from 2140 to 1410. Josse found in the case of a surface condenser 
that '/2 of one per cent by weight of air in steam cut the heat 
transfer as compared with air-free steam in half. It is therefore 
important to keep the heating chambers as free from air as possible. 
In the vapor-compressor even a small admixture of air reduces 
evaporation very rapidly. That not only air but also other gases 
can affect the heat transfer materially is shown by Fig. 3. The 
vapor compressor there is operating with the liquid which gives 
up particles which are, however, soluble in water. Notwith- 
standing a uniform concentration, uniformly clean surfaces of the 
heating elements and absence of air, the performance varies to an 
extraordinary extent, which indicates an unstable condition on 
the condensation side. Apparently the gas produces an insulating 
layer on the walls of the heating elements on the condensation side, 
and this insulating layer upsets all calculations as regards per- 
formance. . 

The partial resistance of the metal walls is the element which 
admits of the most reliable calculation. It is of importance only 
in cast-iron evaporators or in evaporators where the resistances 
w, and w2 are very small. Where chemical influences do not make 
the employment of other materials imperative, iron is usually 
suitable for heating elements. If, however, the resistances w; 
and w: can be maintained very small, it is of benefit to employ a 
metal wall of good heat conductivity. 

In general, in computing the temperature fall across the heater 
element, it is better not to assume rigid coefficients of heat trans- 
mission, but to consider the character of heat flow in each case 
and the previous experience available in this connection. 


Von. 44, No. 1 


SUPERHEATING OF HEATING STEAM 

This has acquired a considerable importance since the employ- 
ment of compressors which produce superheated steam without any 
extra cooling. The first experience with compressors proved to be 
quite difficult, because of the presence of steam superheating, 
which was generally considered as being harmful to proper heat 
transfer. On the other hand, however, Classen has pointed out 
that the heat transfer in an evaporator with superheated steam 
is, all other conditions being equal, greater than with saturated 
steam. The experience of the writer would indicate that this is 
entirely possible, and, on the whole, the influence of superheating 
of steam need not be always quite as unfavorable as would seem 
to be indicated by some previous experiments (Ombeck). 

Foaming of the liquid, which increases with rise of temperature, 
may cause trouble, and such means of combating foaming as are 
known are apt to cause increased pressure losses in the suction 
piping. 

Since a high level of liquid over the heating surface is undesir- 
able from the point of view of evaporating output because it in- 
creases the boiling temperature, attempts have been frequently 
made to combat its influences by the employment of spray devices 
This cannot, however, be applied when the liquid is of such character 
as to form solid deposits. The Piccard process, in which the heat- 
ing and evaporation are carried out separately and which has been 
applied as early as 1878 in Switzerland, is fundamentally simple 
and good, but increases the pressure conditions in the compressor 
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Fic. 4 
Ordinates: Temperature head between heating steam and liquid; eH = per cent 
Abscissae: Evaporation output in per cent of normal output; Normalpunki = point 

of normal performance.) 


CHARACTERISTIC CURVES OF VARIOUS EV APORATORS 


THe CuHaracreristic Curve or THE Evaporator 

Even with clean surfaces the heat transfer in an evaporator is 
not of constant magnitude but depends on the type of evaporator, 
pressure conditions, character of the liquid, and other influences. 
In the design of the apparatus it is therefore a good plan to plot 
first the characteristic curve for the evaporator by plotting the 
evaporator output against the corresponding temperature dif- 
ferences. In order to obtain a general basis for purposes of com- 
parison, there have been used in the curves of Fig. 4 not the actual 
values but comparative values based on an output of 100 per cent 
at a temperature difference of 100 per cent. 

For purposes of comparison two theoretical characteristic 
curves have been plotted: A, with an entirely uniform rate of 
heat transfer under which condition the output varies according 
to a straight-line law with the temperature differences; and B, with 
a rate of transfer which varies in proportion to the temperature 
fall under which condition the characteristic curve appears as a 
parabola. Curves C, D and E have been derived from tests on 


large evaporators and the curve C was taken from an evaporator 
of conventional design with vertical tubes in the heat chamber. 
It approaches a parabola and the rate of heat transfer appears, 
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therefore, to be approximately proportional to the temperature 
fall. Curve D is taken from tests by Professor Stodola on a Kumm- 
ler and Matter compressor, and curve £ on an evaporator operating 
with after-evaporation, and therefore one in which the output 
depends very strongly on the temperature head 


THe COMPRESSOR 


For larger outputs on one hand and for higher vacua on the 


other, only centrifugal compressors can be commercially used 
owing to the large amounts of steam that have to be handled. 
Such compressors have a lower efficiency than reciprocating com- 
but they have smaller dimensions and the further ad- 
vantage that they give oil-free condensate and have and can be 
coupled to the driving machinery 

The centrifugal compressor has a characteristic curve showing 


pressors, 
more conveniently. 


that with decrease of volume of steam handled the rise of 
increases until it reaches a maximum, and then, if the 
begins to fall off, the 
gradually passing into the unstable region of “pumping.” 


pressure 
volume of 
steam continues to decrease, cOmMpresso! 

The 
compressor operation can be expressed in a percentage curve 
similar to that used in the case of the evaporator, in which cass 
instead of rise of pressure may be used rise of temperature re- 
saturated big. such a 
curve for constant speed in revolutions and constant pressure 


in the case of a standard Zoelly centrifugal steam condenser h: 


ferred to steam. 5 gives characteristic 


iVihg 




















an output of about 1700 cu. m. (60,000 cu. ft.) per hr. and a pres- 
sure rise from | to 1.7 atmos, abs The curve v/ is the character- 
- — 
whstobd | stabs! | 
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hie.5 CHARACTERISTIC CURVES FOR A CENTRIFUGAL © OMPRESSOR 
unstabil-stabi unstable-stable; Becinn Pumpen beinnin pumping 
cH = per cent; Arilische Foerderlei critical output: Normalpunki point 
f normal performance; spesifische ipfuneg specific evaporation; A nsauge 
leistung in eH der Normalfoerderun suction output in per cent of normal 


injection and curve 
v2 with cooling in stages by water injection. Although wit! 
cooling by water injection the saturated-steam temperature was 
about 10 per cent higher, in this particular case cooling did not 
lead to higher output but only to greater power consumption 
Curves v8 and v4 give the steam in kilograms per kilowatt-hour 
of the energy supplied to the driving motor. With decrease of 
output the evaporation per kilowatt-hour falls off materially, 
ind should this fall below the critical volume it would become 
necessary to resort to throttling, which would make the efficiency 
still lower. It would appear, therefore, that for vapor compressors 
the problem is to arrange matters so as to work always with the 
compressor at its normal output. (Zeitschrift des Vereines deutscher 
Ingenieure, vol. 65, no. 46, Nov. 12, 1921, pp. 1183-1186, pe) 


istic curve obtained without cooling by water 


The following emergency methods for obtaining extra cooling on 
1eroplane engines are recommended by the Air Board, Ottawa, 
Canada (Technical Memorandum, No. 12): (1) Addition of a lip 
to the front of radiator (applicable only to some machines, par- 
ticularly tractor type); (2) Spiral air deflectors in the open end of 
the tube (not to be used except for emergency purposes); (3) Re- 
moval of cowling (reduces efficiency of engine). 
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Short Abstracts of the Month 





AERONAUTICS 
Boat 


=sW ISS 


DraGon Fry FLYING Description of a 


It at Rorschach on the 


DORNIE! 


new 


machine bu side of Lake Constance 


by the Dornier Co., a subsidiary of the German Zeppelin Works 

Under the characteristic features may be mentioned the air- 
flow floats projecting from the sides of the hull, which take the place 
of the wing tip floats and have the advantage of contributing to 
the lift instead of adding to the resistance of the machins 

The machine is built almost entirely of duralumin, which is 
employed also for the wings and wing coverings. The wings 
it may be stated, are of the semi-cantilever type without dihedral 
or sweepback. They are built up in three sections and a sade 
to fold back. and it is stated that with the wings folded the 1 hine 
maneuvers on the water as easily as a motor boat 

The outer wing sections are braced to the hull by a pair of stream 
line struts on each side. When the wings are folded back the front 
struts are disconnected at the attachment to the hull and are secured 
to a lug in the lower extremities of the rear struts 

The floating opel ition can be aecon plishe d In abo it 1 e min and 
it takes only about 1 min. longer to extend the wings. Both 
operations can be carried out while the boat is on the water and it is 


claimed that once erected the wings do not require any truing up 


With a 50- to 60-hp. five-cylinder radial air-cooled engine, three 


passengers on board and fuel for one hour's flight, the machine 
lifts from the water in about 30 see Flight. vol. 13. no. 42/669 
Oct. 20, 1921) pnp. GS5-6S86. 7 1 


AIR MACHINERY (See also Testing and Measure- 
ments) 
Propeller Blowers 


PROPELI 
Mueller. Ge 


t lowe rs as d 


BLOWERS FoR Fore 


} ] } 
eTal discussion on tthe hmiect ol Dr ypeller type 


of some oft 





sSLOWERS 


rhe design of propeller blowers has been materially affected by in 
the 
aerodynamic laws apply to both, even though the purpose of the 
different. 


formation gained from tests on aircraft propellers, as same 
two is 

The essential characteristic of the propeller is the profile with a 
large cross-section of blade, thick rounded-off entrance edge and 
smoothly-drawn-out exit edge. The pressure side of the blade is 
concave and the suction side convex, with the constant curvature 
so designed as to attain a flow of stream lines as far as possible free 
of turbulence. Figs. 2 and 3 show the difference in the appearance 
of the air flow between the correctly selected turbulence-free pro- 
peller blade and the common, more or less bent, thin sheet-iron 
blade. Attention is called in this latter type to the turbulent 
formations on the suction side, which act as a brake on the wheel 
and thus create a parasite power consumption. With a blade of 
proper shape these back eddies do not seem to occur. 

In addition to the shape of the blade, the design of the blower 
housing materially affects its efficiency. The propeller screw acts 
on the surrounding medium by forcing it ahead acceleratingly, and 
only to a very small extent does a direct transformation into pressure 
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Because of this, the velocity to the rear of the propeller 
than that 
flow free from turbulence through the housing this latter must have 


tuke place. 
wheel is greatel ahead of it, and in order to secure a 
1 smaller cross-section to the rear of the propeller than it does in 
front of it. t and 5.) 
theoretically the smallest cross-section should be equal to one-half 
f the propeller-circle area. With there 
occurs a clearly defined tightening of the flow lines which decreases 


The 


Compare Figs. Bendemann shows that 


such an arrangement 


in counter pressure but never disappears entirely. 


In mnerease 
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As to the latter, Fig. 6, in particular, shows that the powe! 


consumption of a propeller blower is very nearly the same over 
the entire cross-section of the piping and that it proportionately 
falls off as the volume of air increases. 
dependent of 
by the use of thrott 


It is also practically in 
the resistances which may be created in the piping 


ling valves or similar devices On the other 


hand, in centrifugal blowers the power consumption is very materially 
| 


affected by the presence of resistances, and becomes maximun 


with an entirely open pipe cross-section.” This means that the 


motor driv ing a centrifugal blower has to be made of 













































remaining excess in flow velocity ean be converted into pressure verv generous 
only by the employment of a conical intermediary piece known as a proportions in order not to be overloaded when all the resistances 
diffuser.” The diffuser therefore plays the same part ina propeller — in the pipe are eliminated; it also means that with certain types of 
drive, as, for example, the steim turbine, there is a danger that 
I ota | with the passage entirely closed the unit might run away, and 
: 4 < R : 
-——ge—> bmewensse st special means have to be taken to prevent this dange1 poss 
ee = oo! bility. All these difficulties are eliminated in the propeller blower 
= L as the driving motor has to deliver only the predetert iount 
Fic. 2 f power suitable for continuous operation 
(As regards pressure as a function of the pipe ¢1 n, Fig 
7 5 7 gives a straight line, which shows a practically proportional 
. variation. Maximum pressure is obtained wit! per fully 
closed, while with the damper fully open the entire pressure appears 
I > Fia. 4 ku 5 as velocity. Such a mode of variation 1s particularly ‘coptabl 
Fic. 2. Correct Biape Section, Gtvinc a TuURBULENCE-FREE FLow for use with piping, as the pressure } ced { ru 
Fr § Incorrect Buape Section, Givinc TURBULENCE IN THE REAR creases WI the meresse Of resistal S Cont it 
| 1 CorreEcT PropetLteR Hovsine, Giving TurBULENCE-FREE FLow fugal blowers the pressure iis Om wit CTCASE resistance 
. satan ! a ay : : ‘ 
I 5 Ince PROPELLER HowvusInGc, CREATING CONSIDERABLE TUR which is much less desirable from a prac 
BULENCE IN THE REAR lig. S gives efficieney curves of t! ty} Wing 
~ 
St : 
x R 
Ss SS S 
3 
° 3 
=< x 5 
> S 
0 I, 4 %, % . " 4 , 7 : F 
Jefynung 7 4 i + 4 , A ’ 
ath DePrurg Depynung 
Fic. 6 Powrr-CONSUMPTION CURVES FOR : 
CENTRIFUGAL AND PROPELLER BLOWERS Fic. 7 Pressctre Curves ror CENTRI- Fic. 8 Erricu y ‘ VES I CC ENTRI 
. Pp 
(Krafitbedarf = power consumption; Oefnung = FUGAL AND PROPELLER BLOWERS : AL AN ROPE! WERS 
free pipe cross-section.) (Pressung pressure Wirkungsgrad = 
blower as the spiral casing in a centrifugal blower. The relation that the peak values are about the same in both cases, but the 
between the theoretically smallest aerial flow corresponding to the general character of the curves is materially different. In centri- 


“equivalent nozzle’ and the area of the propeller circle gives a 
valuable basis for the calculation of blowers for given outputs. 
As regards the most advantageous speed in revolutions, it is 
stated that for small blowers 2800 and for larger blowers up to 1450 
r.p.m. are best, particularly as they correspond to the usual speeds 
of polyphase motors, thus permitting direct coupling. 
blowers as the Foege are therefore always built for direct coupling 
and not for belt drive, as the latter at these high speeds of revolution 
is not sufficiently reliable. Direct 
turbines could also be used. 

The propeller proper (Fig. 1) is a high-grade aluminum alloy 
casting with a tensile strength of IS to 20 kg. per sq. mm. (26,000 
to 28,500 lb. per. sq. in.) and is cast from patterns reproducing care- 
fully-tested-out wooden propellers. It is claimed that these propel- 
lers require only a very small amount of machinery, and, in par- 
ticular, that they do not have to be tested for strength under speeds 
in excess of operating, as the dimensions are so generously propor- 
tioned that there is no danger of their bursting under the action of 
centrifugal stresses. On the other hand, they must be very care- 
fully balanced, as otherwise heating will develop. Also the boring 
for the shaft should be done very carefully in order that every 
blade will travel in the exact path of the preceding blade. Ball 
bearings exclusively are used, and in addition to a double-row shaft 
ball bearing a thrust ball bearing is employed. 

The article describes in considerable detail some of the features 
of design and installation of the blowers and also gives data on 
propeller-blower operation. 


Such 


drive through steam or ail 


sunced 
peak value and then rapidly falls off on both sides, which means 


fugal blowers the curve of efficiency reaches a clearly prot 


that it is rather difficult to design a centrifugal blower which wil 





Fic. 9 Force BLOwers 


(Translations for all figures: Oeffnung=free pipe cross 
=centrifugal blowers; Axialgeblaese=propeller blowers.) 


section, Céenirifugaierdlacse 


efficiently take care of the variable local conditions of operation 
This is much easier with the propeller blower as its curve is con- 
siderably flatter. 

lig. 9 shows, in general outline, a Foege propeller blower. 
(Zeitschrift fiir Dampfkessel und Maschinenbetrieb, vol. 44, no. 36, 
Sept. 9, 1921, pp. 281-284, 12 figs., dee) 
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ENGINEERING MATERIALS 
Stainless Steel for Turbine Blades 


SOME I-NGINEERING USES OF STAINLESS STEEI! Stainless 


steel is an allov steel containing from 12 to 14 per cent of chromium 


and about 0.5 to 0.6 per cent carbon. The present paper describes 


some experiments made with stainless steel in turbine blades, in 


particular experiments made in a turbine at the power station 





one of the makers of this steel 
The n ne selected for the test was a British Westinghouse 
| ‘ 9 
impulse rated at 2000 kw. and running at 3000 r.p.n 
The experimental blades were fitted to two of the wheel 
time al lune, 1920, and the wheels chosen were, respectivels 
tha velo | Wie | Vi constitute the lirst stage o The ll ( 
ind 1 at a tigh temperature, and | No 
be " e la stage « e turbine 
wet | \ ( ? 2 were 
No. S | ' i | highlv p =} | | F 
, ‘ 
a - Yv 
: ° 
» res A \ bf 
‘ ; yal 
< F 
a ll ~ ¥ un 
‘, < x | < 
7 |\ | g0 S.aw§ 
‘4 ' 7 * - 
at \ : —_ 
i “yh? / vd 
se \ / +f > 
¥ 1 \/ 
Py \¥v - 
@ ; ' Pa ee 
7+ 
ot \ 
= / gic gale” NN NS 
j - , 
1 a ry a 1 ee. L, 
c x Ing! / Ve 
= 90 po : 
o——s ' 2 
( mA 200 WH at an 4 ore 
Tempering Temperature 
} a & y PHYSICAI Py “4 EF STA . Ss 
A Hear ‘I ‘ 
, , 
ri} | \ ul rted al Fsid 
( r rT tee] b] ned from t } | g 
he turbine n the velocitv wheel 24 blades were repla ed 
21 blades of stainless steel, three of them polished, and by thre 
new blades of the 5 per cent nickel steel. 


opened up after havin 
3471 hr 


blade Appr ired Lo ay tot 


Che turbines wer | 


r 


een In Operation with 
It is claimed that the 


ally unaffected by the work done and did 


stainless-stee! 


the new blades for 


not show either corrosion or appreciable erosion, while the nickel- 
steel blades inserted at the same time showed both, in particular 
along the inlet ed; 


es. The article refers also to the 
of stainless steel to the rams of hydraulic pumps. 


application 


In a three-throw hydraulic pump built in Sheffield, rams of stain- 


less steel and phosphor bronze were tried. It is said that the 
stainless-steel ram has maintained its original polish better and 
suffered less wear than the phosphor-bronze ram. 

Stainless steel can be hardened and tempered similarly to carbon 
steel, but it is important to note that its change point is much 
higher, namely, at 950 deg. 


Fig. 10 shows the variation in the properties of stainless steel 


about cent. 
as tempered at the various temperatures represented by the curves 
For forging the temperature should be between 1150 and 900 deg. 
cent., though it is not impossible to work it below the latter limit. 
It can be electrically welded, but not with a smith’s fire, as layers 
of chromium oxide form and prevent the union of the surfaces 
(Engineering, vol. 2913, Oct. 28, 1921, pp. 592-594, 7 figs., ec 

STRENGTH OF MANILA Rope, Ambrose H. Stang and Lory R. 
Strickenberg. Data of tensile tests of 368 specimens of manila 
rope. All the rope tested was three-strand, regular-lay type having 
diameters varying from '/: in. to 4'/;in. An interesting feature of 
the test is the great consistency in results. The ropes showed, 
however, a continued varying modulus of elasticity and no well- 
defined proportional limit. 

The following is given as a summary of the results obtained: 


ENGINEERING 


1 The 


a quadratic function of the diameter of the rope It 


iverage breaking load was uund to be ipproximately 


quite closely by the equation 


L=cd (d+1 





in which Z is the load in pounds, c is a constant equal 9000, and 
d is the diameter of the rope in inches 
2 The ropes showed a continually varying lulus of elastic 
and no well-defined proportional limit 
3 The number of yarns composing rope | 
ipproximat by the equatior 
N=kd 0.4 
f \ ] iber « Vari a ( {) 
e dl r ¢ e rope ini ( 
t The t ilts cover suff rang 
i t F ed that t 
1, regular-l 
t na I i i 
198, 8 2 
INTERNAL-COMBUSTION ENGINEERING 
An American Solid-Injection Diesel Engin: 
I. {) 
t) 
er ¢ ; < 
lition dires | rt! 
( in ( ( | 
{ | T { iy 
irance space lo ion ¢ t haat 
pression and the period of inje d tl he 
irning ot t l l cl irge | chamber produ 
cient pressure to start the flow e! part of the fuel g 
qadown into the ¢ | ler i tl ( ( FASCOUS ¢ ind air fre tie 
injection chamber attains considerable velocity, producing a tur- 
bulent condition in the cylinder just as the piston starts on its 
downward stroke. This is accelerated by the downward moti 
of the piston 
Combustion then takes place in the lower chamber or cylinder 
under conditions closely approximating the air-injection Diesel 


engine, the resultant expansion of gases driving the piston down 


i 


on its power stroke, after which the cycle described above i 


igain 
repeated. The pressure from the fuel pump is high, but lasts only 
during injection about 15 deg. of crank angle. It will be noted 
that the time and rate of combustion are independent of time and 


rate of pump injection. 


One of the refinements of the Worthington engine consists in 


providing a scavenging-air connection on the base of the engine 


which may be piped to the outside of the engine room By this 
means a supply or pure, fresh air may be had for scavengi: £ pur- 


poses in places where the air of the engine room is charged with 
dust or explosive vapors. 

The fuel-injection pump is of the unpacked type, and as will be 
seen from Fig. 11, is driven by an eccentric (17 
crankshaft. Each cylinder has a separate and independent pump, 
complete in all its details. By avoiding the use of packing from 
the pump plunger, danger of the plunger sticking is eliminated, 
and at the same tame leakage past the plunger iS considerably less 
than in the usual type of packed pump. The pump body (24 
is made from a solid block of steel, designed and constructed with 
great care, and the plungers and valves are assembled in this body 
of a unit. . 


mounted on the 
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Actuation of the pump plunger is by the eccentrie (17), the cross- 
head (19) engaging the tappet (21), which in turn pushes the plunger 
upward on its injection stroke, the plunger being returned to its 
at rest position by the spring as the eccentric passes its top position. 
The actual instant at which the pump plunger begins to move up- 
ward determines the instant of injection of oil into the injection 
chamber. 

For control, a centrifugal governor is fitted, acting through a 
series of rods and levers to rock the control shaft (10). This shaft 
is turned eccentric at a point in line with each fuel-pump plunger, 
and a so-called “by-pass lever’ (9), actuated at one end by the 
pump plunger, rests at the other end on the eccentric part of the 
control shaft through the medium of an adjustable set screw. 
As the end of the by-pass lever moves upward with the pump plunger 
the by-pass tappet (9) and the plunger (7), resting on the lever, 
will move upward also, closing the gap between its upper end and 
the suction or by-pass valve (2). When contact is established at 
this point the continued upward movement of the plunger will 
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Fic. 11 Secrion or WortTHINGTON ENGINE FureL Pump 


open the valve, permitting the oil to by-pass back to the fuel reser- 
voir instead of being forced through the spray valve, and thus end- 
ing the injection or effective pump stroke. It will be seen that by 
rocking the control shaft (10) one way or the other from its normal 
running position, the instant of opening of the suction valve by 
the by-pass plunger may be retarded or advanced, thus increasing 
or decreasing the effective pump stroke and feeding more or less 
oil into the cylinder, according to the load requirements. Also, 
by regulation of the set screw in the end of the lever (9), the instant 
of by-pass opening for each cylinder may be individually adjusted 
for purposes of initial setting and load balancing. (Molorship, 
vol. 6, no. 11, pp. 872-875, 10 figs., d) 


CooLtinc-WaATER SyYsTeMS FOR STaTIONARY INTERNAL-Com- 
BUSTION ENGINES, Edgar J. Kates, Mem.Am.Soc.M.E. Descrip- 
tion of the various systems, beginning with the simple cooling tank 
and proceeding by gradual stages to the cooling towers of various 
types, overhead supply tanks, and finally the enclosed coolingsystem, 
which is the most modern development. 

The principal feature of this latter is that the jacket water is 
recooled in pipe coils over which other water is showered or flowing. 
The only place where the engine water is exposed is at the visible 
outlet. Because of this the loss is negligible, practically no make- 
up water is required, and clean water may be used for jacket cir- 
culation while an inferior type is doing the actual cooling work. 


‘ 


Where there is a scarcity even of inferior water for cooling thi 
pipe coils, an arrangement illustrated in the original article may 
be used. In this the raw water itself is in a basin below the pipes 
and pumped by a second pump over an open screen-type cooling 
tower, where it is recooled and ready to be used again over the pipe 
coils. 

The system just described may seem elaborate and complicated, 
but it is not so in reality. Where the water available is of inferior 
character and searce, as in the mining regions of western Texas, 
such systems afford the only satisfactory method known of cooling 
internal-combustion engines. It is said that one oil-pipe-line 
company has equipped all its plants with similar systems. 

Reciprocating pumps are said to be preferable to centrifugal 
pumps for water-circulating systems, because of their greater re- 
liability and uniformity of operation. (Power, vol. 54, no. 19, Nov. 
8, 1921, pp. 710-713, 4 figs., cd) 


LOCOMOTIVE ENGINEERING 
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(See Power-Plant 


MACHINE DESIGN 


THe Controt or MACHINES BY PERFORATED Recorps, Emanuel 
Scheyer. General discussion of the process as applied to textile 
machinery, piano players, automatic typewriters, etc. 

Perforated-paper-record control has been applied also to metal- 
working machinery, as, for example, in the automatic multiple- 
punching machines of Wm. Sellers & Co., described in some detail 
in the article. 

The author proposes to apply a modified form of the Jacquard 
method of perforated-paper-record control to machine tools of the 
turret type. He states that a lathe equipped with this kind of 
control cannot compete with the ordinary cam-controlled automatic 
lathe within the proper field of work of the latter, but may be 
applied for handling work which is larger or more complicated than 
can be handled by cam-controlled machinery. The description 
of a proposed lathe with such a type of control is given in the 
original article. (American Machinist, vol. 55, no. 19, Nov. 16, 
1921, pp. 743-747, 8 figs., dA) 


MACHINE PARTS (See Machine Tools) 


MACHINE TOOLS 


Gray Co. PLANER with Hewica, Gear TaBLe Drive. De 
scription of a new planer, one of the characteristic features of 
which is the use of involute helical gearing for driving the table 

Planers have heretofore been built with herringbone or helical 
gears for the first reduction, but the new Gray planer has helical 
gears throughout. The Gray company states that a train of 
planer gears having one or more pairs of spur gears cannot give 
the results which are obtained by the use of properly proportioned 
helical gears throughout, that is, from pulley-shaft pinion to table 
rack. 

Helical gears produce end thrusts. Advantage is taken of this 
fact to cause the end thrust of the bull gear and its pinion to counter- 
act the side thrust of the tools when cutting. Moreover, the 
diameters and helical angles of the remaining gears of the train 
are so proportioned that their end thrusts very largely balance 
one another. Bronze thrust collars, provided with forced lubri- 
cation, take the slight residual end thrusts. Particular attention 
is called to the helical table rack which is of unusual width of 
face, giving great strength. The helical rack is arranged so that 
the end thrust of the bull pinion, which amounts to about one- 
tenth of the driving force, opposes and compensates for the side 
thrust of the cutting tools when they are being fed away from the 
operating side of the machine, a condition which obtains at least 
90 per cent of the time. As the tool pressure increases, the power 


required to drive the table and the resultant balancing thrust of 
the bull pinion also increase proportionately. This, it is said, 
equalizes the pressure and wear on the two sides of the V’s, where- 
as with a rack of the spur form the pressure and wear are greater 
on one side of the V’s than on the other,-due to the side thrust 
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f the cutting tool It also overcomes the tendency of the tools f] pes at point o the 
to push the table up the side of the V's ind for t ld to all 
lo provide correct tool action, teeth of true involute form, cut load ¢ simultane \) trate 
el y re emploved. In order to avoid inter-  t princip en, as wel PY ns 
ference and perfect tooth forms, and to obtain great smooth- ler the centrifugal | y red 
ri ( tion and stronger teeth, the pinion teeth are so cut that () r ol ¢ illat rat } shaft 
the greater part of the toot face lies outside the pitch circle nd e speed i ple cil tion deter- 
The teet] ive a low pressure angle, are cut full de pth, and have ( ey] 0 0 | ) mal whirl 
i short ar yproa nd long are of recess, giving high efficiency, Thel n, Ed ] Dul P yp V/ ne 
ind greatly increasing the number of teeth in contact and the / \ | 49 3 on) N 1921. 635-668 
smoothness of action The action of a tooth having a long are fig | . 
of recess compare d to one with a ong are of approach Is analogou 


| ! 
to the action of dragging the end of a pole behind you compared 
to pushing it ahead of you 
This design, it is said, also has the advantage of permitting the 
use of pinions of larger diameters and stronger tooth form without 
the disadvantage which attend the use of stubbed teeth, high pres- 
(The Iron Age, vol. 108, no. 22 


sure angles and low gear ratios. é 
t figs., d) 


Dee. 1, 1921, pp 1417-1419, 
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Stress Corerricient ror LarGE Horizonrat Pipes, Jas. M 
Paris. A new method of calculating stresses wherein a general 


case of the pipe is analyzed by breaking it up into a number of 
fixed elementary cases, and elastic analysis for each of these is work- 
ed out, the results being then combined by simple addition in pro- 
portion as the several elementary loadings are contained in the 
actual loading of any given particular case. 

Essentially, for general loads on a large circular pipe, it is assumed 
that the deflection along the vertical diameter takes place at one end 
Considering the half-pipe to one side of this diameter, its one end 
is assumed fixed and the half-pipe treated as a cantilever beam; 
the very end is imagined to deflect under the applied external loads 
and then brought back to its original direction by a moment ap- 
plied through Mr, and back to its original position by a horizontal 
force Hr. 

From the elastic-arch theory, using Maxwell's theory of recipro- 
eal deflections, equations are deduced for the unknown reactions 
VM and H. 
pression for the cantilever moment of the external forces on either 
half of the pipe, and by substituting for m in the equations its 
actual value for any loading, values of M7, Hr, etc., are found for 
that loading. When this has been done for various simple and 
elementary loadings, any number of them may be combined, and 
by addition of the separate values the resultant value of Hy or M7 
may be found. 

Several interesting examples of the application of the method 
are given in the original article. (Engineering News-Record, vol 
87, no. 19, Nov. 10, 1921, pp. 768-771, 3 figs., tA) 


These reactions contain m, which is the general ex- 


THe WHIRLING SPEEDS OF A LOADED SHAFT SUPPORTED IN THRE! 
Bearines, Prof. H. H. Jeffeott. An extensive paper dealing 
analytically with the first and higher whirling speeds of a shaft 
supported in three bearings loaded in any manner and of sections 
varying from place to place along the length of the shaft. In the 
general case the shaft is supposed to change in diameter at various 
sections along its length and to be of uniform size between such 
sections. Other assumptions are made, in particular, that the 
shaft is assumed to carry at various places along it a series of loads 
each of which is balanced. The bearings are assumed to act as 
free supports and not to fix the direction of the shaft any extent 
for the small deflections contemplated. 

In solving the general problem of a number of loads on the shaft, 
the author resorts to the use of a principle originally enunciated by 
sresse, which may be stated as follows: The displacement of any 
point by reason of the deflection of the shaft is the resultant of the 
displacements which would be produced if one supposes all the 
external known forces to act separately, and one after the other. 
Thus, the shaft may be considered as supported at each end under 
the action of the given load acting downward, and also under the 
action of the supporting force at the intermediate bearing acting 
upward. The result of the action of these two systems of forces 
is to make the deflection zero at the intermediate bearing. 

From this the author derives a number of equations for the 
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TESTS (See Engineering 


See also Aeronautics) 


AIRCRAI 


General dis 


Hon 
aircraft-bombing tests o 


Ostfriesland 


l'rederick C. Hicks. 
f seacraft 
presented in a 
the 


VERSUS DREADNAUGHTS 
ission of the part ol 
which closed with the sinking of the 
sneech nm the Hi ise of {representatives of which author is a 
member 

The author tries to present both sides of the question al d points 
out that a long as 


to the 


gravity is the force utilized to carry the bomb 
target, an aeroplane will always have to be within a certain 
fairly limited zone ov attacking. 

, the torpedo-carrying plane may be 
expected in the near future to become part of the aircraft outfit, 


T the ship which it 1s 
On the other hand, however 


and the torpedo bids fair to be the most deadly weapon carried by 
aircraft. 

As regards the effectiveness of bombs which would simply hit the 
superstructure, it is they 


efiect is 


admitted that smash things badly, but 
it is believed that their destructive largely local In fact, 
what happened on the destroyer Manly in 1918 when a number 
that 
below, 


of d ‘pth charges ( xploded on her afterdec k, if would appear 
affect 


iat a bomb might jam the 


bombing on decks would not materially the men 


though of course it is always possible t! 


1 


rudder, derange the alignment of the shafts, or cause other damage 
that would affect the steaming or maneuvering capacity of the ship. 

Of the lessons taught by the demonstration the following might 
be cited. 

1 Aircraft is a weapon of such great value as to warrant the im- 
mediate expansion of the service; among other things, by the con- 
struction of aeroplane-carrier vessels of large size and great speed. 
No need in the United States Army is said to equal today that for 
ships of this type, of which there is none either built, building or 
authorized. 

2 For coast defense, aeroplanes are indispensable and are weapons 
of the first magnitude. 

3 Heavy bombs should be employed from the very outset of the 
attack, except in special cases. 

1 Close-by, under-water hits are more deadly than direct hits 
on the decks or hits on the surface of the water. Under-water 
explosions can be obtained by delayed fuse action, and, as a matter 
of fact, the heavy bombs had a delayed action of 1'/; sec. 

5 There must be a change in the design of surface craf’; with 
increased watertight integrity, and war vessels must be provided 
with better means of protection from both explosive and gas bombs. 

At the same time the speaker pointed out that aviation is in its 
infancy, while battleship construction represents the advanced 
thought and skill of a century. The margin of development 
undoubtedly lies with a new service. (Journal of the United States 
Artillery, vol. 55, no. 5/183, Nov. 1921, pp. 390-399, g) 


MOTOR-CAR ENGINEERING 


sriTISH 200-MiLe Rate anv Its Lessons, “A Competitor 
One of the striking features of the British 200-mile race limited to 
cars of 1500 cu. cm. was the high crankshaft speed employed and the 
reliability of the multi-valve head. Speeds were as high as 4000 
r.p.m. (The Autocar, vol. 47, no. 1359, Nov. 5, 1921, pp. 864-865, g) 


Procress IN Licut Cars, “Runabout.” The success of some 
small cars in the Scottish six-day trial and their ability to handle 
all requirements of general travel have led to what appears to be 
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a stampede to produce cheaper and lighter cars, and a good many 
of them appear to be quite satisfactory. 

Some of these cars like the 8-hp. air-cooled Rover have given 
apparently excellent satisfaction. It is, however, stated that air 
cooling is still in its infancy and, for example, the Rover has to be 
decarbonized about every 800 miles. Also the twin-cylinder engine 
is apt to be somewhat noisy. Improvement is, however, being 
rapidly made in both directions. 

As regards performance, it is stated, for example, that a speed 
Hillman does 45 m.p.h. uphill on middle gear and is very economical 
both <n oil and fuel consumption. 

An important feature in this connection is that not only the 
smaller firms but also some of the leading concerns are becoming 
effectively interested in the production of small cars. 

As regards the economy of the small cars, it is stated that 35 miles 
per gallon is common and as high as 50 miles has been attained, 
together with 1500 miles per gallon of oil. At the same time, how- 
ever, it should be remembered that the cost of running a small car 
is very much higher in England than it is in America. In the first 
place, a car of the Hillman type costs somewhere around £400, or 
roughly $1500, although 8-hp. models are available in the market 
at prices as low for British conditions as £250 ($950). (The Auto- 
car, vol. 47, no. 1359, Nov. 5, 1921, pp. 879-882, 6 figs., g) 


GENERAL SURVEY OF THE MECHANICAL FEATURES OF BritisH 
AUTOMOBILES FOR 1922. An article based on the features shown 
at the Annual Automobile Exhibition in London. In the broadest 
sense, the typical car of 1922 as exemplified by the show meets the 
following specifications: Four-cylinder water-cooled block engine 
with side valves; magneto ignition; cone clutch; four-speed side- 
chain gear box; spiral bevel final drive; semi-elliptic springs; wire 
wheels. 

There is, however, a strong tendency toward the use of overhead 
valves, detachable cylinder head, single-plate clutch, disk wheels 
and possibly four-wheel brakes. 

The four-cylinder engines still hold the leading position; detach- 
able cylinder heads are becoming common practice, and the joints 
are being so arranged that the gasket has to be compression type 
only, while separate joints, sometimes in the exterior of the engine, 
attend to the necessary water circulation between cylinder jacket 
and head jacket. 

Water cooling remains standard for the engines of larger cars, 
but air cooling for smaller vehicles is used and a new system of air 
cooling has made its appearance. As regards air-cooled engines, 
it has been found that the cylinders become rapidly carbonized with 
burned oil. Also an excess of oil in the combustion chamber is a 
prolific source of spark-plug troubles. 

In one car this year there is used an engine which is oil-cooled, 
the method being to increase to about double the quantity of oil 
carried and to give it a free circulation over the outside of the 
cylinder walls, the outside of the valve seats, the valve stems and 
springs, the inside walls of the cylinders and the interior surfaces 
of the pistons. Preliminary tests have been satisfactory. 

Cast iron appears still to be the favorite material for pistons. 
Of late there has been a tendency to decrease the thickness of piston 
rings and it is becoming common to use for narrow rings fitted to 
each piston, three compression rings at the top and a scraper ring 
at the bottom of the skirt. 

As regards valves, the use of multiple valves has not made much 
progress in touring-car engines. Overhead valves are, however, 
steadily gaining in popularity, especially on engines of small cubical 
capacity. 

Skew gears and spiral bevel gears are used, but the production of 
a gearing sufficiently quiet and inexpensive is a matter which taxes 
the ingenuity of engineers. The regular practice is to use an over- 
head valve gear operated by push rods from a camshaft containing 
in the crankcase, which is easier to manufacture commercially. 

In regard to lubrication and carburation, the situation in Eng- 
land appears to be essentially the same as in America. 

The outstanding feature in brake design is the introduction of 
front-wheel and four-wheel systems. It is only questions of ex- 
pense that retard the adoption of front-wheel brakes for the less 
expensive cars, but much experimenting is in progress. In most 
cars where the open propeller shaft is used, the transmission brake 
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is employed; also opinion is veering round to the idea that a com- 
pensating device is not necessary for rear-wheel brakes, but that 
some form of linkage which allows a slight spring is effective and 
less liable to get out of order. 

Disk wheels are making steady progress, owing to the fact that 
they can be produced cheaply and are very easy to keep clean. 
Most of the small cars are now fitted with disk wheels, the sole 
objection being their liability to exaggerate any noise emitted by 
the back axle. (The Autocar, vol. 47, no. 1360, Nov. 12, 1921, pp. 
945-953, illustrated, q) 


PIPE (See Mechanics) 


POWER-PLANT ENGINEERING (See also. Air 
Machinery) 


PREHEATING Arr TO FURNACE BY FLUE Gases, kb. R. Welles; 
Mem. Am.Soe,M.E., and C. T. Mitchell. The problem as to 
whether air delivered to furnaces can or cannot be preheated by 
flue gases is more an economic than a mechanical one, the chief 
concern being to find how large an apparatus can be built and still 
obtain a reasonable return on the investment. ~ = 

Kconomy from preheating air would manifest itself in reducing 
coal consumption per unit of power output, as such coal would be 
needed to preheat the air in the furnace. In other words, the 
beginning of the heat cycle would be moved up a notch 

In regard to the furnace control with hot air, there is the choice 
of two courses. The quantity of air can be reduced in proportion 
to the reduction of coal, thus raising the furnace temperatures and 
probably lowering the stack temperatures. All conditions can be 
maintained as they were with cold air, using enough warm air to 
keep the furnace temperatures, and hence also the stack tempera- 
tures, unchanged 

From such evidence as the authors have we should expect no 
trouble regarding furnace control, but a greater tendency to burn 
out the grates and tuyeres, increasing with the temperature of the 
air. 

Preheating would be particulérly helpful with powdered coal and 
would immediately widen its field of application 

In order to determine the economical size of a preheater, the writ- 
ers attempt to develop an expression for the efficiency of such a 
unit for varying capacity of heating surface. To do this they 
assume that the heat-transfer apparatus consists of a sheet-metal 
condenser filled with steel tubes. The flue gas travels through the 
tubes and the cold air around the tubes, or vice versa, the flow being 
countercurrent in order to keep the temperature difference nearly 
constant. The weight of the flue gas per hour is taken the same 
as the weight of air and the velocity of the two and specific heat 
are the same, the latter being 0.25. The finai formula for the 
efficiency of the heater under these assumptions is 

] 
v 
AK * ' 

where W =lb. of air per hr.; A =heating surface of the preheater in 
sq. ft.; and K=heat-transfer rate in B.t.u. per sq. ft. per hr. per 
degree temperature difference between the surface of the tube and 
the adjacent air. (This quantity must also take care of any me- 
chanical or structural limitations in the heater.) The proper value 
for K here is of determining influence and yet it is still quite un- 
certain, and all things considered the writers expect the value of K 
in a properly designed heating unit to be not less than 4 and possibly 
as high as 10. From this point of view the diagrams in Fig. 12 
become of interest. Each curve has a point of greatest curvature 
and it is to be anticipated by the correct size of the heater for any 
given set of conditions will lie approximately under that point. 
If we know the cost of heaters per square foot and also the true 
value of K, it becomes a simple matter to determine the size of 
heater giving the greatest net return on the investment. 

A numerical example is given in the original article. The entire 
matter seems to be yet in the initial stages of development, and as 
an editorial in the same issue of Power (p. 84) points out, the com- 
mercial success of an air preheater is still uncertain. (Power, vol. 
54, no. 22, Nov. 29, 1921, pp. 844-846, 1 fig., dg) 
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THe DesiGN or AN INTERNALLY 
W.R. Woolrich, Mem.Am.Soc.M.EF. 


these lines at 


Firep SuPeERHEATER, Prof. 
Some data of work done along 
the University of Tennessee. Experiments were 
tried as early as 1910 at the University of Tennessee to superheat 
steam by the combustion of gas, the burner operating within the 
1916-17 
Fundamentally, the apparatus 
a commercial air-atomizing oil burner designed for 


steam main against the steam-main pressure. In 
sign was assembled by the author. 
consisted ot 


a de- 


high pressures with its tip projecting into the steam pipe. In 
actual tests with a burner ignited and the steam line closed, it was 
found that no adjustment would give a suitable flame at the burner 
tip and as soon as the outside supply of air was shut off the flame 
would go This burner is 
designed to secure only a part of its air supply from the inside, re- 
plying on the surrounding air to make up the deficiency. 

In 1919 H. kL. Ayres took up the problem as an undergraduate 
thesis. In this case 
combination of two standard oxy-acetylene welding torches with 
added features 

This work was continued by O. A. 
results at first 


out because the commercial oil 


Was 


a new burner was made up representing a 


several 
Kraehenbuehk, but the 

No difficulty Was @X- 
perienced « perating the burner in the closed main without steam, 
but when the steam was turned on at any working pressure the 
flame would be 


were very unsatusiactory. 


, 
extinguished 
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AND RECOVERY OF 


VES SHOWING RELATION BETWEEN Size oO} 


Heat in Five 


Ain PREHEATER 
K-Heat-Transrer Rate) 


Gas 
After a series of adjustmer 

erratic character, thi 

as long as an hour 


ts operation was secured but of a very 
burner at times working steadily for periods 


()n the wl ole it has been proved that VAS 


an 
be burned in the presence of high-pressure steam, but the influence 
of non-condensable by-products supplied to the steam by these 
means on condensation has not been determined. 

The method may be applicable, however, to superheating of 
exhaust steam to be used in dye tubs, laundries, and, generally, 
processes where steam temperatures over 212 deg. fahr. are required 
(Power, vol. 54, no. 19, Nov. 8, 1921, pp. 717-718, 2 figs., d 


Waste-Steam Turbine at Coal Mine 


Mixep-PressuRF TURBINE INSTALLATION WITH A REGENERATOR 
at A Coat Mine, C. W. Smith. Description of the power plant 
recently installed at the Nokomis Mine in Illinois. 

Prior to the installation of the plant all electric power used was 
purchased from outside, while the hoist, fan engine and several 
pumps were supplied by steam from six horizontal return-tubular 
boilers. This system resulted in very high operating costs for 
power, especially during periods of slack work. The costs have 
increased still more in the last two years when the power companies’ 
rates were almost doubled. Another objection to this system of 
operation was the numerous and expensive shutdowns caused by 
frequent failures of the utility plant to deliver current. 
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Because of this it was decided 
to take care 
decided to electrify all machinery on the surface with the exception 
This not 
sumption generally but reduced condensation in t 
lines 

In order 


‘oO lst ill a4 powe! pl int sufficient 


i 


of all requirements. In order to conserve steam it was 


of three car-puller engines. only decreased steam con 


ie various steam 


to utilize the waste steam from the hoist engine a 
mixed-pressure turbine was selected for the main unit of 1000 kw 
a 300-kw 
the night load 

The 
passes through an 
This is 9 ft. in diameter and 25 ft 
with back-pressure valves set at 5 Ib., 


ith addition to which 
installed to handle 
The 


the hoist engine 


capacity, high-pressure turbine was 


ystem is as follows: exhaust steam as it 


]S-in header to the Rateau 
} ‘ ] 


iong and is equipped 


back 


regenerato! 


which is the maximum 


pressure on the hoist engine rom the regenerator the exhaust 
steam passes through an oil separator to the low-pre ssure side o 
the turbine. When the pressure in the regenerator fall ibout 


1.5 lb. per sq. 1n 


below the atmospheric pressure, the governor 
on the mixed-pressure turbine automaticall) 


j 


; 


steam to Carry the 


The 300-k) 
The circulating water 
from this condenser is not p issed through the spray) nozzles hand] ng 
the 


the load until the pressure in 
again sufficient to carry the load alone 


regenerator is 
w. high-pressure 
turbine is equipped with a jet condenser 


cooling water on the main condenser, as this would require an 


additional circulating pump. This cooling water is allowed to cir- 


culate from the discharge near one ¢ nd ol the pond to the Suctlo 
line on the opp site ¢ nd 


this 


normal 


this arrangement is 


During the operation for whicl 


unit was intended 
K;ven in the 


a few degrees When this unit has to be operated for more t] 


entirely satisfactory 
summer montl 


the temperature ol the pond rises only 


hr. a day, as sometimes happens when the mine is not wor 
the circulating pump on the large condenser is operated once ot 
‘y 


twice a day for a period of approximately an hour in order to cool 


down the temperature of the pond. This has proved a highl) 
satisfactory manner of eliminating an additional circulating pump 


nd of he power required for its operation. 
It is stated that 

the performance of the mixed-pressure turbine in shifting from 

high-pressure to low-pressure steam under variable loads. It has 


also been found that the regenerator instead of 


saving t 


no trouble has been encountered as regards 


increasing the back 
pressure on the hoisting engine has Cause d it to be reduced. How- 
ever, the original exhaust lines were too small. Under conditions 
existing at the Nokomis Mine only two men have had to be added 
to the power-plant force since this plant was put into operation 
The installation is of considerable interest to deep-shaft mine 
The 
to operate, and if this wastefulness can be 
stallation of a 


engineers. 


steam hoist has been considered rather wasteful 


yvercome by the in- 
mixed-pressure power plant, this would 
materially the field of usefulness of this latter (‘nai 
Age, vol. 20, no. 19, Nov. 10, 1921, pp. 753-757, 7 figs., d 


increase 


PUMPS 
Centrifugal Pumps in Sugar Refineries 


CENTRIFUGAL PUMPS IN SUGAR 
\lem (m.Soc M.E. 
pumps are rapidly 
but the 


Rerinery, Claude C. Brown, 
lor various reasons motor-driven cent 


growing in Ilavolr In 


type of pump used has some speci itures developed 

to meet sugar needs and conditions 
In Western sugar-refining plants where great quantities of salt 
water are used for condensing purposes in connection with the 


boiling of sugar in vacuum pans, the pumps are situated on the 
ground floor of the plant where they have a suction lift from the 
bay of from 12 to 15 ft. according to the tide and a lift of appro xi- 
When first installed trouble 
Thus, it was difficult to hold the suction at low tide. 
as air was finding its way into the pump suction 


mately 150 ft. to the pan condensers. 
developed. 
The introduction 
of this air was eliminated by tightening all leaks in the suction 
line, smoothing it out and eliminating air pockets and sharp turns 
Furthermore, it was found that at the points in the casing casting 
adjacent to the runner hub there were shoulders which still con- 
tinued to act as air pockets. These shoulders were vented to the 
outer casing with a '/,-in. line which effectually destroyed any 
detrimental effect they might have had. 
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The method of priming these pumps is of interest. A small 
vacuum pump was installed near the battery of pumps and a '/--in. 
line run to each pump. When it is desired to start one of the cen- 
trifugal pumps, the small vacuum pump is started first and any 
number of salt-water pumps can be primed immediately. 

As first installed the salt-water pumps consisted of cast-iron 
casings with bronze and cast-iron runners and shafts made of 
Cumberland steel. Before very long powerful corrosion set in, 
affecting both casing and runner. The cast-iron casing was then 
replaced by a bronze casing, and the Cumberland steel shafts by 
shafts of 3 per cent rolled nickel steel. Further, bronze sleeves 
were shrunk on over the portions of the shaft that were inside the 
pump, after which all trouble from corrosion disappeared. 

For the pumping of liquors, syrups, ete., other questions of 
corrosion and erosion came up. Here again the most successful 
results were obtained with combinations of bronze easing, bronze 
runner, and steel shaft with bronze bushing. This withstood 


wrt ue ere 


Fie. 13 CENTRIFUGAL Pump witH WATER-SEALED PACKING FOR PUMPING 
SuGAR SOLUTION 


corrosion but not erosion, and where this latter was especially 
noticeable, cast-iron casing, chrome-vanadium steel runner and 
monel-metal shaft were used which gave good satisfaction. 

In the pumping of sugar solution it is absolutely necessary that 
this latter shall not come in contact with the pump packing. Be- 
cause of this water-sealed packing (Fig. 13) is used. A '/,-in. line 
of fresh water is connected within each packing gland and just 


oo 
VU ZrIeN agg 
i P Oe > 
H “ - <A>. 
+4 4 = » 
t ‘ j “S| 
4 J 
, 5 | { 
re i ‘ 
tty MA = 
4 ‘ <4 wo” / < 
\ Jan hae 
| HA g 
S 1.—, Kg \ 
C ¢ 7 T) 'Z “A | oa, ¥ 
Y BA SI 
weweweeeeo==y J vA ». 
" > 4 > = 
, WN oA A SOT V, 
| x ae FF 4 
—— « on ¥ q 
BH WN F x f 
Z| , y 
Hou H e&  \ 
Vj 4 Dy _ 
a 4] ~—s, 
4 H D>, Yj 
4 Y » fj 
| A YA 
i _f LA 


Fic. 14 SrewaGe-Tyrpe RuNNER with DovuBLE Suction 


enough water allowed to enter the gland to seal it and prevent 
the sugar from coming out. 

As regards the question of type of pump runner, it has been 
found in sugar plants that the most successful type for general 
all-round requirements is the sewage-type runner (Fig. 14). The 
9pen-type runner, which resembles an open star, has also proved 
successful, particularly for pumping liquids which have matter in 
suspension. (Power Plant Engineering, vol. 25, no. 22, Noy. 15, 
1921, pp. 1087-1088, 4 figs., d) 


SPECIAL MACHINERY 


Bar Miuits Apaprep To HaNnpLE ALLoy Sree, J. D. Knox. 
Description of a new unit built by the Central Steel Company, 
Massillon, Ohio, the characteristic feature of which is that care 
has been taken to adapt the mill to peculiarities of alloy steel. 
Only some of the features can be noted here. Thus, the motors 
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driving the 16- and 12-in. roll trains are cooled by air washed in 
a Carrier-type washer. 

The 18-in. finishing mill is driven by a 2200-hp. variable-speed 
motor designed to operate from 303 to 505 r.p.m. The gear set 
with a ratio of 115 to 34 provides various roll speeds ranging from 
90 to 150 r.p.m. (ron Trade Review, vol. 69, no. 20, Nov. 17, 1921, 
pp. 1275-1281, 11 figs., d) 


SPECIAL PROCESSES 


Benpinc Lock-Seam TusinG. Lock-seam tubing is made 
with the folded seam. Such tubing can be used for automotive 
exhaust manifolds providing it can be bent to the forms required 
for this purpose without opening the seams. The method of 
making the bends by first filling the tubing with molded lead or 
rosin was found, however, to be too expensive for commercial 
production. 

In order to meet this problem a special form was made for us¢ 
on a No. 5 pipe-bending machine by the Wallace Supply Manu- 
facturing Co. of Chicago, Ill. This equipment is so designed that 
the work is continually supported around the complete circle 
both inside and outside at the point of bending. The form around 
which the work is bent is grooved to embrace half the circumference 
of the pipe and a similar grooved follower embraces the other half 
of the pipe. There is a mandrel of the same size as the inside 
diameter of the work to be bent. As the pipe is bent around the 
form both the follower apd mandrel move with it, so that they 
always support the work at the point of bending and the metal 
is made to flow (Machinery, vol. 28, no. 4, December 1921, 
pp. 289, d) 


STEAM ENGINEERING (See also 


Engineering 
Materials) 


INVESTIGATION OF BREAKDOWN OF 30,000-Kw. TURBINE Data 
of an investigation by Prof. H. F. Moore, Mem.Am.Soc.M.E., and 
Geo. L. Kelley of the accident to the 30,000-kw. turbine of the 
Philadelphia Electrie Co. which occurred on Saturday morning 
Sept. 3, 1921. 

The machine was being tested for overspeed and was gradually 
brought to 9 per cent above its normal speed of 1500 r.p.m.; the 
throttle was then closed by the governor, and the machine began 
to slow down. A few seconds after the main throttle had closed a 
loud hissing noise was heard; instantly followed by two heavy 
crashes and a shower of broken pieces of metal. 

The investigation has shown that the low-pressure casing was 
cracked, the steam passages from the high- to the low-pressure 
stages were broken, all the shaft bearings were broken and the 20-in 
mainshaft likwise. 

The following explanation is offered by Professor Moore: Under 
running conditions the passage from the high-pressure to low- 
pressure stages is under a bursting pressure considerably greater 
in magnitude than the collapsing pressure existing when there is a 
vacuum in the passage, and moreover the casting is designed with 
stiffening ribs on the outside, so that under bursting pressure the 
bulging of the passage will tend to cause the ribs to be in tension in 
their outer fibers and the plates to be in compression. Under 
vacuum this state of affairs would be reversed. He believes 
therefore, that it would seem unlikely that the steam-passage casting 
would fail when the interior was under vacuum and the fractures 
are explained as secondary failures. 

One of the most striking features of the wreck was the breaking 
of the mainshaft and the tearing up of the surface of the exciter 
armature. The character of the metal at the break would lead on 
to believe that there was dragging of one piece of metal over the 
other as fracture occurred. 

As regards the primary cause of failure, a theory was offered to the 
effect that a polepiece of the exciter field became loose and was 
jammed into the armature, causing enough twisting or bending to 
break off the exciter frame and the main shaft, throwing the re- 
mainder of the shaft sufficiently out of line to cause the wreck of 
the turbine disk and bearing. 
appear to support this theory. 

From all evidence it would appear that the failure of the main 
shaft was one of the last events in the wreck. 


The state of the armature would 
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The fractures in the turbine disk show evidence of a progressive 
crack ascribed to the existence of lateral vibrations in the disk 
This again is explained as follows: The steam jet enters on one side 
of the buckets and leaves from the opposite side, any frictional 


lateral drag from the steam being all the time in one direction \s 
the disk revolves the steam must strike on any given blade with a 
regular rhythmical variation of force. At certain speeds this 


rhythmical variation might be natural 


ted bending 


so nearly in tune with the 
period of lateral vibration for the disk that severe reper 
Moreover, 


have been numerous enough to develop such a typi 


stresses would be set up these lateral vibrations may 

al progressive 

fracture as was found in this case 

ind that the turbine disk had only 

surface finish and carried deep tool marks which might have served 
In fact, recent tes 

at the University of Illinois made in the course of the joint 


In addition, it was for i rough 


to localize the effects due to sidewise vibration 2 
. investi- 
gation on fatigue of metals have shown that such surface conditions 
might reduce the ability of the disk to resist lateral vibrations by as 
much as 20 per cent 

lf the primary cause of the wreck were a progressive failure of the 
disk, it is easy to show that the wreck might be expected to occur 
at a time when for any reason the speed Is parti ularly high In 
this instance 


for test purposes the speed was increased to 109 per 


cent of its normal magnitude which resulted in an 
centrifugal force to 1.19 times its normal value, which is a very 


hy 
54, no. 21, Nov. 22, 1921, 


increase ol 


material increase indeed Power; vol 
pp. 788-793, 13 figs., dg) 


STEAM TURBINES 
SUGAR REFINERY (See Pumps) 
TESTING AND MEASUREMENTS 


MEASUREMENT OF AIR VELOCITIES AND THE TESTING OF 
ETERS, Jas. Cooper. 
air velocity in mines, namely, by the anemometer and by means of 
smoke, are both liable 
anemometers, the friction of the parts has the effect of 


(See Mechanics) 


\NEMOM- 
The two best-known methods of measuring 
to serious error. In particular, as regards 
making 
anemometer readings correct for only one particular velocity. At 
other velocities accuracy can be achieved only by corrections for 
the influence of friction, and 
be greater than the speed registered by the instrument. 


at low velocities the corrections may 


In view of this, means for testing anemometers have been provided 
at the Heriot Watt College in Edinburgh. There is already in 
England an installation for testing anemometers at the National 
Physical Laboratory, but they are not tested there at velocities 
lower than 600 ft. per min., while air speeds under that figure 
are common in mines and the need for calibration is particularly 
The testing table 
used for calibrating anemometers is described and it is stated that 


imperative for velocities below 300 ft. per min. 


figures obtained from the tests have been compared, first, by ob- 
servation of smoke velocities, and second, by walking tests with 
the meters over a measured straight line in a still atmosphere. 
The data of tests were charted and it was found that although 
the charts plotted from the tests were similar in form to those sent 
out by the makers of the instruments, the figures of correction 
varied widely. (Paper presented in October, 1921, before the 
Mining Institute of Scotland, abstracted through The Jron and 
Coal Trades Review, vol. 103, no. 2798, Oct. 14, 1921, p. 540, ep) 


Friction of Cup-Leather Sleeves 


Tests ON Cap-LeEaTHER Steeve Friction, Eugen Irlon. In 
the testing materia's with machines 
operated by means of levers or weights or the like, precision to 
within 1 per cent is usually obtainable with comparative ease. 
On the other hand, when the power is applied by hydraulic means, 
its measurement is complicated by the fact that considerable 
friction is present at the cup-leather sleeve, depending on the 
fluid employed as a pressure medium and the material of the 
packing, and therefore subject to considerable variation. As a 
matter of fact, unless this friction is measured quite frequently, 
considerable errors in final results of measurement of power applied 
may be found. Data of such tests of friction in cup-leather sleeves 
are presented in this article. All the data in the abstract will be 


measurement of power in 
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given in the original metric units and the conversion factors t 
(merican units appended in a note at the end of the ab 

This is not the first attempt to measure such friction and an 
investigation on the same subject has been published by A. Martens 
in the Ze Ischrift. de V ereine deutsche) In yt 1907 D LIS4 

The present tests were carried out in a 75-ton hydraulic bending 
machine water-driven by & three-piston electric pump The 
pressure cylinder had a useful piston area / = 380.13 sq. en DS sq 
in The dial of the pressure gage Was eraduated in atmo pheres 


and kilogr iil 


Phe division into kilograms was obtained experimentally by using 
the uverag riction value obtained by Martens and by idding 
this value te pressure in kilograms as obtained from the equa 


tion 


P=Fp ] 


where P is the eoretical pressure, / the piston cross-section in 
square centimeters and p the pressure in the pressure cylinder in 
kilograms per square centimeter This gave Kquation 1) the 
form 


, , 
. . . pR, . Rp 
/ Fpt+k Fp U4 in kg 2 
100 100 
where P, pressure in kilograms, and 
leather sleeve friction in per cent as found by Martens 


is the ictual Ry the —_ 
The total friction was measured by a special gage having a maxi- 

renee of 100 110 short tons Two 
pressure gages were 100 tons and 200 tons 
determined by carefi 


mum metric) tons other 
used with ranges of 
il cali- 
Martens in 


ages of the pressure in kilograms per square centi- 


respectively, the errors of which were 
Table 1 giv: 


‘ 


bration 
1907 


‘s the friction values found by 


is pt reen) 


meter. The values in column 2 have been calibrated from Equa- 
tion (1), and the values in columns 3 and 4 taken directly from the 
tests of Martens s) adding the values in columns 2 and 4 are ob 


tained the values of column 5 giving a total effective pressure p; in 
the pressure cylinder in kilograms per square centimete1 
from Table 2, that the differ 


ences between the actual experimental data as shown by the 


The tests have shown, as is evident 
rage 
and the values in the curve of Martens (curve A, Fig. 15) in ordinary 
cases do not amount to more than 0.5 to 1.1 per cent and that 
therefore the data of the two series of tests are in fairly good agree- 


ment 
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Fig. 15 Curves or Cup-Leatuer Friction 
Curve A, Marten curve B, Pupp curve I, II, III, author's tests on 300-tor 
concrete press; curve C, author's tests on 75-ton bending machine B to 
at atmospheres H per cent Strecke “‘a thnfach vereroesseri ection “‘a 


magnihed ten time 


On the other hand, however, in nearly all cases the sleeve- 
friction values as obtained by the present author were higher than 
those obtained in the Martens test, which may be due to the fact 
that the pressure fluid in the present instance was not entirely fre: 
from dust and fine grains of sand, which is also the usual condition 
in actual operation. It was also found that the first measurements 
carried on after a period of several hours of rest of the measurement 
always gave slightly higher friction values than later tests. This 
was particularly so in early morning tests which followed the idle 
period of 10 to 15 hr. when the leather cup had a chance to become 
dry. After the piston has moved up and down for some time the 
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values come back to within 0.5 to 1.1 per cent of the Martens 
values. The friction values obtained by Dr. Eng. Puppe in 1910 
are given in curve B for the sake of comparison. Furthermore, 
the present author has carried out several comparative tests during 
the war on a 300-ton concrete press. The data of these tests are 
given in curves I, II and III, Fig. 15. All these curves agree fairly 
well with each other, though the high frictional values of Dr. 
Puppe would indicate that at high pressures rubber packing rings 
produce a considerably higher friction than leather cups. 

In Fig. 16 is graphically indicated the relation between the load 
P and the friction Ry. From the appearance of the curve of 
friction it would seem that at a pressure of 10 tons, or roughly 
25 atmos., the pressure amounts to only 6.6 per cent, while at 75 
tons, or, say, 200 atmos., it is only 2.1 per cent. 

The division of the pressure-gage dial into kilograms appears 
to be a material improvement in testing machines. In the majority 
of cases one may allow an error of + 2.5 per cent, although a greater 
precision can be obtained by the use of a control manometer. 

Table 3 gives the cup-leather friction in percentages of Fp and 








TABLE 1 COEFFICIENTS OF FRICTION (MARTENS) 
1) 2) (3) - (4) (5 
P p Per 
tons = 2200 Ib Atmospheres cent Atmospheres Atmospheres 
l 2.63 
> 5.27 
3 7.9 
4 10.54 
5 13.17 
6 15.8 
7 18.43 
8 21.1 
9 23.7 
10 26.3 5.6 1.48 27.78 
15 39.5 4.3 1.70 41.2 
20 52.7 3.4 1.79 54.49 
5 65.8 2.8 1.84 67.64 
30 79.0 2.5 1.98 80.94 
35 92.3 2.2 2.03 94.33 
40 105.4 2.0 2.1 107.5 
45 118.5 1.9 2.25 120.75 
0 131.7 1.8 2.37 134.07 
55 145 1.75 2.54 147.54 
60 158 1.65 2.61 160.61 
65 171 1.60 2.74 173.74 
70 184.3 1.55 2.86 187.16 
75 197.1 1.55 3.06 200.16 
TABLE 2 DIFFERENCES BETWEEN THE FRICTION VALUES AS 
FOUND BY MARTENS AND AS INDICATED BY GAGE, IN PER CENT 
No. 
- Atmospheres load 
10 20 30 40 50 60 70 75 
l 1.05 0.45 0.85 0.75 0.27 0.48 0.11 0.40 0.55 
2 0.9 0.83 0.33 0.40 0.43 0.48 0.33 0.29 0.33 
} 1.1 1.00 0.85 0.75 0.40 0.46 0.39 0.25 0.56 
{ 0.9 0.90 0.85 0. 3: 0.94 0.66 0.87 0. 66 0.76 
5 eae 0.98 0.63 0.68 0.95 0.71 0.74 0.58 0.48 
6 0.99 0.80 0.76 0.65 0.79 0.35 0.91 0.58 0.63 
7 0.75 0.95 0.68 0.79 0.82 0.88 0.61 0. 66 0.59 
8 1.13 0.30 0.55 0.83 0.64 0.73 0.84 0.52 0.48 
9 0.88 0.86 0.76 0.53 0.66 0.53 0.69 0.63 0.59 
10 0.76 0.90 0.82 0.70 0.49 0.67 0.47 0.82 0.75 
Average 0.96 0.80 0.71 0.64 0.64 0.59 0.60 0.54 
TABLE 3 SLEEVE FRICTION IN PER CENT OF F. ANDfS. AS FOUND 
EXPERIMENTALLY BY AUTHOR p 
P=pl p tp Friction in Friction in 
tons Atmospheres kg. Per cent of F» Per cent of fp 
] 2.63 920 37 40.3 
2 5.27 1845 25 27.2 
3 7.9 2770 17 18.5 
+ 10.64 3500 12.5 13.6 
a) 13.17 4600 9.3 10.1 
5 15.8 5530 8.9 9.65 
7 18.43 6450 8.4 9.1 
8 21.1 7400 7.6 8.25 
i) 23.7 8300 z 7.6 
10 26.3 9200 6.56 7.13 
15 39.5 13800 5.45 5.93 
20 52.7 18450 4.20 4.55 
25 65.8 23050 3.75 4.07 
30 79.0 27700 3.21 3.49 
35 92.3 32350 3.00 3.26 
40 105.4 35000 2.64 2.87 
45 118.5 41500 2.55 2.77 
0) 131.7 46000 2.44 2.65 
55 145 50700 2.35 2.55 
60 158 55300 2.24 2.44 
65 171 59800 2.20 2.40 
70 184.3 64500 2.15 2.34 
75 197.1 69000 2.10 2.28 


f p, where f = 350 sq. em. is the sum of all surfaces of the cup leathers 
in friction. The values in the last column are also of interest as 
they give the coefficients of friction of cast iron against leather at 
various pressures per unit of area. [Note: 1 sq. cm.= 0.1550 sq 
in.; 1 kg. per sq. em. = 14.223 lb. per sq. in.; 1 metric ton=1000 
kg.=2200 Ib.] (Zeitschrift des Vereines deutscher Ingenieure, vol. 
65, no. 39, Sept. 24, 1921, pp. 1016-1017, 2 figs., eA) 
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VARIA 


AGITATION FOR CHANGES IN CANADIAN Patent Law. John 
Munnock, Division Court Clerk of the Sault Ste. Marie District, 
in speaking before the Board of Trade of that town, advocated 
important changes in the practice of the Canadian Patent Act. 

Under the law Americans obtaining patents in Canada are re- 
quired to begin manufacture in Canada within two years, but may 
obtain an extension for one more year. It is claimed that this 
provision of the Act is not enforced and that there are 10,000 articles 
that could have been manufactured in Canada but are instead im- 
ported from America. 

It is also claimed that even if an American patentee failed to 
meet the requirements of the Act as regards manufacture in Canada, 
he can still obtain an injunction against a Canadian manufacturer 
infringing his patent. 

To meet this situation, the speaker proposes a closer check on the 
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compliance of foreign patentees with the requirements of Canadian 
laws, and it is claimed that he has carried the matter to Premier 
Meighen, who is said to have expressed regret that action could 
not have been taken by the government prior to election. 

The subject was expected to come up for discussion at the Brant- 
ford Convention of the Canadian Associated Boards of Trade in 
November, 1921. This matter affects a large number of American 
products, among others being American typewriters, cash registers, 
adding machines, check protectors and machine tools. (Canadian 
Machinery and Manufacturing News, vol. 26, no. 21, Nov. 24, 1921, 
p. 52, g) 


CLASSIFICATION OF ARTICLES 


Articles appearing in the Survey are classified as ¢ comparative; 
d descriptive; e experimental; g general; / historical; m mathe- 
matical; p practical; s statistical; ¢ theoretica.. Articles of 
especial merit are rated A by the reviewer. Opinions expressed 
are those of the reviewer, not of the Society. 


Starting Aero Engines at low Temperatures. (Air Board, 
Ottawa, Canada, Technical Memo No. 15.) From _ preliminary 
reports of Experiments carried out last winter by Professor Rob», 
at Edmonton, it*is suggested that the following means of start- 
ing Liberty engines at low temperatures may be found to be 
effective. A complete report will be circulated as soon as 
received. It is suggested that for the efficient doping of the 
engines some form of priming pump similar to the Rolls-Royce 
primer is necessary. At temperatures over 20 deg. fahr., liberal 
doping with gasoline is sufficient except that the motor will require 
to be turned over several times after doping to case it up. At 
temperatures between 20 deg. fahr. and ten deg. fahr. doping 
with a mixture of three parts gasoline to one part of ether will be 
found to be effective. At temperatures around zero, a one to one 
mixture is satisfactory. At temperatures in the neighborhood of 


12 deg. below zero, it will be found that a mixture of two parts 
ether to one part gasoline is required. 
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Fue Gas, Tar and Coke Al-22. Tue Coxina or Utan Coats. The 
Coking’ of Utah Coals is the subject of Report 2278 by Prof. 8. W. Part B 
and T. E. Layng to the Bureau of Mines. Approximate and ultimat \ 
analyses were made. The oxygen content was very high. The oxygen \ 
hydrogen ratio was also very high. This indicates a non-coking proj \ 
erty. The preliminary tests seem to indicate this but this feature was \\ 
overcome and a good quality of coke obtained accompanied by a \\ 
series of by-products of more than usual interest and value. The A \\ 
ammonium sulphate produced was exceedingly constant and averaged ee + 
20 lb. per ton. Large-scale operations would probably increase this esl 
rhe gas yield was low, being 344 eu. ft. per lb. of coal. The production 
of gas was very uniform. The heating value of the gas was large 
rhe tar yield averaged 25 to 30 gal. perton. The coke yield amounted i aaa wane ie 
to approximately 60 per cent of the coal employed. It was dense 
of good texture and adapted to the usual screen and sizing process 
It would probably be suitable for metallurgical purposes. There is 2 The lin _— ‘ ‘ — athe, 
considerable volatile matter present in the coke varying from 8 to 12 breaking tempera 3 ’ tl s to a degree rem: able 
per cent. The temperature used to carbonize the Utah coals did not nanees ’ setters 
exceed 750 or 800 deg. cent. Bureau of Mines, Washington, D. 3 Oils of specific gravity below 0.9 show higher “brea noint 
Address H. Foster Bain, Director. temperatures” than oils of specific gravity greater than 0.9 iad 
Fuels, Gas, Tar and Coke A2-22. Naturat Gas-Gasouine BLENDS Re Che oils ve = - “paraffin base” oils showed specific gravities 
port 2279 of the Bureau of Mines on Natural Gas-Gasoline Blends, by D t 60 deg. fahr. or less than 0.91 and their rate of change or loss of vis 
B. Dow, was issued last September. Natural gas-gasoline is obtained om pee Seanen a temperature rise was less than the so-called “asp alt 
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gas vapors are absorbed by absorbing oil, after which it is distilled from mt oo Laas nay toy . noses whe = napt rome base oils qT ‘ wing 
the saturated oil. This gasoline is of higher gravity and lower vapor Mecl me . E: oe or Seamed “< rx = mnee in this laborator 
pressure than the compression gasoline. To transport thc volatile eF oh a goiter ~aptnnay om tanford Universit erves t 
gasoline it must be blended with suitable material such as naphtha or ee Re itpesiee at. 
weathered, in which case the volatile portion is allowed to evaporat« 
causing loss. It is difficult to produce blended gasoline which is equal \ \ “were? 
to refinery gasoline. Hence only a small amount of gas-gasoline can Sp. Gr. at 100 deg. { ower straight 
be blended with naphtha. Blends are sometimes made with kerosene oe aise oO a ahr sep ves | 
and subsequently distilled, the kerosene acting as a carrying agent —e = os Z + _ on + : — +4 
Most common material is of naphtha range from 50 to 52 Baumé Napthene 0.94-0.95 1.25-2— ay 
Bureau of Mines, Washington, D.C. Address H. Foster Bain, Dire Napthene 0.94-0.95 2-4 210-2 
tor. Par affin 0 875 0.90 0 25 0.7 200—2:21 
Parafiin 0.875-0.90 0.75-1.50 0-23 
. Paraffin 0.875-0.90 1.50-2.2 20-250) 
Fuels, Gas, Tar and Coke A8-22. Recovery or UNBURNED FUEL FROM ™ —— 
Borter Furnace Reruse. Report 2281 of the Bureau of Mines An examination of the lines on the logarithmic sheets indicate that 
on the Recovery of Unburned Fuel from Boiler Furnace Refuse, by the oils tend to converge toward a common point, this being particularly 
Thomas Fraser and H. F. Yancey, has just been issued. The report true of oils (or products of oils similarly treated) from the same fields. 
shows that washing may be used to recover a large portion of the un- None of the oils tested showed a continuous straight line from room 
burned fuel. The results of the test showed that with */s-in. screening temperature to 300 deg. fahr., but all can be represented by two straight 
and !/,-in. oversize 20 per cent of the refuse was regained as washed lines intersecting one another around the region of 200 deg. fahr , as 
fuel. A one-table plant will handle five tons of boiler refuse per hour, shown in Fig. 1. 
producing one ton of fuel. The equipment for such a plant would If the lines for the lower range of temperatures ari prolonged it will 
consist of a roll crusher, a storage hopper, a screw conveyor, washing be found that they tend to meet at a common point A of the diagram. 
table and two inclined dewatering drag conveyors. If water is scarce In a similar manner the upper lines through viscosity determinations 
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from 200 to 300 deg. fahr. indicate a convergency also, but the point 
of intersection B appears to lie at a still further distance away from the 
point of convergency for the lower temperatures. 

No further statements regarding the common points of intersection 
can be given here, other than to briefly indicate that there are evidences 
of there being such points, principally because a lack of time has made 
it impossible to study this particular case thoroughly. 

The establishment of the existence of a common point of convergence 
would be of great practical importance. By this means it would be 
possible to know the absolute viscosity of any mineral lubricating oil 
at any temperature) after one or two viscosity measurements had 
been made. If the absolute viscosity followed but one straight line 
over the entire range of temperatures instead of two, it would only be 
necessary to know the viscosity of an oil at any one temperature—the 
absolute viscosity of the oil being given by the line connecting the com- 
mon point of convergence and the viscosity as found by measurement. 

Viscosity and density measurements made at lower temperatures 
after the runs at 300 deg. fahr. had been obtained indicate that the 
oil underwent no appreciable changes. Most samples showed only a 
slight increase in viscosity and density due to evaporation. Experi 
ments seemed to show that there were no measurable differences in vis- 
eosities regardless whether the values were obtained with increasing or 
decreasing temperature. 

The two Mexican crude oils show also a characteristic straight line 
faw from 150 to 300 deg. fahr. with only a slight tendency to indicate 
that they are made up of two broken lines. On cooling both samples 
showed increased viscosities due to the loss of low boiling point compon- 
ents. 

Mr. Albouze’s thesis includes in addition to the data and results 
of his own tests, a summary of which is given above, a study of all of 
the published data on viscosity of oils from various authorities and 
determined with various types of viscosimeters; a bibliography of 
physical and chemical tests for internal engine lubricating oils and a 
section devoted to notes and critical review of bibliography. The 
bibliography covers 188 publications. Address Prof. W. R. Eckart, 
Leland Stanford University, Stanford, Cal. 


Rubber and Allied Substances A1l-22. Tests or Ruspper Goons. Circular 
38 of the Bureau of Standards has just been issued. The subject of 
the circular is the test of rubber goods giving the physical and chemical 
methods used at the Bureau with an introductory portion giving in- 
formation concerning crude rubber and manufacture of rubber goods. 
Materials used in compounding rubber are classified and process of 
manufacture described, with brief summary of the detail of manufacture 
of tires, tubes, mechanical goods, druggists’ sundries, methods of physi- 
cal tests with data of results as well as methods of chemical analysis 
are given. Methods of testing fabrics are included. The Appendix 
contains a list of governmental specifications, a bibliography of papers 
published by the Bureau and of the more important books and periodi- 
cals that deal with rubber. A table of specific gravities of the common 
compounding ingredients is given. Circular may be obtained from 
the Superintendent of Documents, Government Printing Office, Wash- 
ington, D. C. for 20 cents. 


Safety Devices A1l-22. Heap ANp Eye Sarety Cope. A second edition of 
the Head and Eye Safety Code is soon to be published by the Bureau 
of Standards. This will include specifications for goggles, welding 
helmets and other protectors. Bureau of Standards, Washington, 
D. C. Address 8. W. Stratton, Director. 


Steam Power A8-21. SreamM ACTION IN SimpLeE Nozz_e Fors is the sub- 
ject of a paper read by A. L. Mellanby and William Kerr before the 
British Association in August, 1921. A paper on Pressure Flow 
Experiments on Steam Nozzles was read before the Institute of En- 
gineers and Shipbuilders in Scotland November, 1920, while in Febru- 
ary, 1921, a paper on the Losses in Convergent Nozzles was published. 
This paper was read before the Northeast Coast Institute of Engineers 
and Shipbuilders. The various papers give pictures of apparatus used, 
curves showing observed data and theoretical curves discussing the 
action of steam jets in nozzles. These sets of papers contribute largely 
to our present knowledge of steam flow. 


B—RESEARCH IN PROGRESS 


The purpose of this section of Engineering Research is to bring together those 
who are working on the same problem for cooperation or conference, to prevent 
unnecessary duplication of work and to inform the profession of the investigators 
who are engaged upon research problems. The addresses of these investigators 
are given for the purpose of correspondence. 


Apparatus and Instruments B1-22. Acipiry AND ALKALINITY RECORDER. 
An instrument for determining the alkalinity or acidity of boiler feed 
to automatically control additions of caustic soda to eliminate acid 
conditions. The principle used is that of measurement of concentra- 
tion of the hydrogen ions. A hydrogen electrode and calomel electrode 
are immersed in a by-passed flow of feedwater from the heater tanks. 
The potential difference measured depends on the H-ion concentration. 
Results of data so far indicate that method would prove satisfactory. 
Address E. A. Keeler, Leeds & Northrup, Philadelphia, Pa. 


Automotive Vehicles and Equipment B1-22. ExpreriImENTAL TUNNEL FOR 
Srupyine Exuavust Gas. See Internal-Combustion Motors B11-21,. 


Boilers and Accessories B1-22. AcipiTy AND ALKALINITY RECORDER. See 
Apparatus and Instruments B1-21. 


Internal-Combustion Motors B1-22. Exrerimenrat TUNNEL FoR Stupy- 


ING Exnaust Gas. Report 2288 of the Bureau of Mines on the Bureau 
of Mines Experimental Tunnel for Studying the Removal of Exhaust 
Gas, by A. C. Fieldner and J. W. Paul, gives an account of the purposes 
of the investigation and results found as reported under Automotive 
Vehicles and Equipment A5-21, in MErcHANICAL ENGINEERING for 
June, 1921. The report gives the following particulars of the construe- 
tion of this experimental tunnel. 

An oval track haVing an axial length of 400 ft. and having similar 
construction to that of the ducts proposed in the Hudson River Tunnel, 
was constructed under ground with a cross-section approximately 9 
ft. wide and 8 ft. high. Above the tunnel is an air duct 3 ft. high and 
below the floor another air duct 314 ft. high. Either duct may be 
used for introducing fresh air or for exhausting contaminated air. 
The tunnel accomodates the smaller types of five-passenger cars. It 
is completely equipped with sensitive apparatus for measuring tempera- 
ture, humidity, air pressure and air velocity. Forty-eight air-sampling 
tubes are installed at eight cross-sections of the tunnel to obtain samples 
for chemical analysis and to determine diffusion and concentration of 
exhaust gases. The experimental tunnel tests will include physiological 
and psychological observations of the effects on the man driving the 
cars, of temperature, humidity, rate of air flow, smoke and exhaust 
gases. Ten cars at 40-ft. intervals will be run at the rate of 10 miles 
per hour and 21,000 cu. ft. of air per minute will be introduced so as 
to keep the carbon monoxide at 4 parts per 10,000 parts of air. Each 
driver and observer will be subjected to examination before and after 
the tests. The tunnel is situated 130 ft. below the surface of the 
ground and 150 ft. from the pit mouth. The study will include the 
diffusion of exhaust gases by transverse ventilation, bottom to top and 
top to bottom, temperature and smoke conditions as effected by opera- 
tion of motor cars, physiological and psychological effects of tempera- 
ture, exhaust gases and smoke, final check of previous investigation 
and practical demonstration of solution of problem. 

Bureau of Mines, Washington, D. C. Address H. Foster Bain, 
Director. 


Vetallurgy and Metallography Bi-22. Deoxipizers. Progress Report 


to the Division of Engineering of the National Research Council on 
Substitute Deoxidizers gives some of the work which has been done 
by the Committee on this subject. The Committee has standardized 
its work and is now treating standard metal with various deoxidizere 
in an atmosphere of nitrogen within an induction furnace. The stand- 
ard metal is commercially pure American ingot iron and iron oxides 
melted together in an electric furnace in such proportions that the iron 
thus made give 0.5 to 0.6 per cent oxygen. When this standard metal 
is melted the deoxidizer is added and allowed to act for 5 or 10 minutes 
with the heat on the furnace. The melt is then allowed to solidify or 
is poured into a chill mold. The ingot is then split, examined and 
photographed. One-half is then forged and the forging properties 
noted. The forged ingot is then examined microscopically for inclusions 
and chemically for oxygen and residual amounts of deoxidizing elements. 

This work has been repeated in some cases in a 40-lb. experimental 
electric furnace of the American Rolling Mills Company. Each de- 
oxidizer is to be added in different amounts to determine the proper 
amount to be used. Certain of the deoxidizers have proven of special 
value in preventing segregation. Others indicate inability te replace 
manganese in eliminating sulphur red shortness. Some have shown 
a refining influence on grain structure and others have shown the possi- 
bility of reducing ingot loss from discards due to shrinkage cavities. 
In the earlier work the Committee has found 73 combinations of elements 
which promise to be of value as deoxidizers. All contain manganese, 
but many of them contain less than 2 per cent of this element. As 
the first steps of deoxidation could be effected by these alloys and the 
final deoxidization with high-percentage ferromanganese, a great saving 
can be accomplished. 

The functions of the deoxidizer are: 

1 To produce the greatest possible yield of sound ingots free from 
blow holes and with a minimum amount of shrinkage cavities 

2 To produce steel possessing satisfactory rolling and forging 
properties 

3 To produce metal free from iron oxide, slag or other soiid inclusion, 
and 

4 To produce steel with maximum freedom from dissolved gases. 

The report is made by Dr. J. R. Cain, Chairman, Committee on 
Substitute Deoxidizers. Address Division of Engineering, National 
Research Council, 29 West 39th St., New York City. 


Properties of Engineering Maierials B1-22. Corrosion or Pires. The 


Bureau of Standards is beginning an investigation of the corrosive 
action of soil upon iron pipe. Investigations are being made with the 
coéperation of the Bureau of Soils, Pipe Manufacturers, Public Utility 
Companies and the Bureau of Standards. Forty locations have been 
selected representing different kinds of soil found through the United 
States, and in each locality a number of samples of each kind of iron 
and steel pipe in commercial use will be buried. One of these pipes 
will be uncovered from time to time to determine the rate of corrosion. 
Complete data of the physical and chemical properties of soil and 
pipes will be obtained. Extensive laboratory experiments will be 
conducted to determine the effects of variations and characteristics 
of both soil and pipe materials. Tests will also be made of representa- 
tive pipe coverings. The investigation will probably take eight to 
ten years. The progress report will be published from time to time. 
Bureau of Standards, Washington, D. C. Address 8. W. Stratton, 
Director. 
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Protective Devices B1-22. Corrosion or Pires. See Properties of Engi- 
neering Materials B4-21. 


Safety Devices B1-22. Sarety Cope ror Locarna Operations. A Na- 
tional Safety Code for Logging and Saw Mill Operations is being pre- 
pared by the Bureau of Standards with the assistance of a Sectional 
Committee. This Code is nearing completion. Bureau of Standards, 
Washington, D.C. Address 8. W. Stratton, Director. 


C—Researcu PROBLEMS 
The purpose of this section of Engineering Research is to bring together per- 
sons who desire cooperation in research work or to bring together those who have 
problems and no equipment with those who are equipped to carry on researc! 
It is hoped that those desiring cooperation or aid will state problems for publica- 
tion in this section. 


D—ResEarcH EQUIPMENT 
The purpose of this section of Engineering Research is to give in concise form 
notes regarding the equipment of laboratories for mutual information and for 
the purpose of informing the profession of the equipment in various laboratories 
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so that persons desiring special investigations may know where such work may be 
done. 


E—REeEsEARCH PERSONNEL 


The purpose of this section of Engineering Research is to give notes of a per- 
f 
pro 


cedure for commercial work or notes regarding the conduct of various laboratories. 


sonal nature regarding the personnel of various laboratoric methods oa, 


F—BIBLIOGRAPHIES 
The purpose of this section of Engineering Research is to inform the profession 
of bibliographies which have been prepared. In general this work is done at 
the expense of the Society. Extensive bibliographies require the approval of the 
All bibliographies are loaned for a period of one month 
only. Additional copies are available, however, for periods of two weeks to 
members of the A.S.M.E. These bibliographies are on file at the office of the 
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Research Committee. 


Machine Tools F1-22. Torque aNnp Power Required For TAPPING AND 
Tureapine. A bibliography of three items. Search No. 3469. Ad- 
dress A. M. Greene, Jr., Rensselaer Polytechnic Institute, Troy, N. Y. 


WORK OF THE A.S.M.E. BOILER CODE COMMITTEE 


"T"HE Boiler Code Committee meets monthly for the purpose of consid- 

ering communications relative to the Boiler Code. Any one desir- 
ing information as to the application of the Code is requested to communi- 
cate with the Secretary of the Committee, Mr. C. W. Obert, 29 West 39th 
St., New York, N. Y. 


The procedure of the Committee in handling the cases is as 
follows: All inquiries must be in written form before they are 
accepted for consideration. Copies are sent by the Secretary of 
the Committee to all of the members of the Committee. The 
interpretation, in the form of a reply, is then prepared by the Com- 
mittee and passed upon at a regular meeting of the Committee 
This interpretation is later submitted to the Council of the Society 
for approval, after which it is issued to the inquirer and simultan- 
eously published in MecHANICAL ENGINEERING. 

Below are given the interpretations of the Committee in Cases 
Nos. 370 to 374 inclusive, as formulated at the meeting of October 
27, 1921, and approved by the Council. In accordance with the 
Committee’s customary practice, the names of inquirers have been 
omitted 


Case No. 370 


Inquiry: Is it permissible, under the rules in the Boiler Code, to 
construct a boiler drum, 36 in. internal diameter, built with the 
shell in one sheet, '*/;5 in. thick, with one longitudinal seam having 
butt straps '/;in. thick on each side? Information is also requested 
as to the maximum allowable working pressure as determined by the 
efficiency of the longitudinal seam and the tube-hole ligament. 

Reply: It is the opinion of the Committee that a boiler drum con- 
structed as described does not conform to the requirements of Par. 
19 of the Code. The Committee is not in a position to determine 
the maximum allowable working pressure for constructions not per- 
mitted by the Code and would recommend that the question be 
taken up with the state authorities or insurance companies interested. 


Case No. 371 
Inquiry: Is it permissible to construct vertical fire-tube boilers 
of either the through-tube or submerged-tube types with the tubes 
welded in both the upper and lower tube sheets? 
Reply: It is the opinion of the Committee that Par. 250 was not 
intended to forbid rolling and welding at both ends of the tubes 
of a fire-tube boiler, when desired. 


Case No. 372 


Inquiry: An opinion is requested as to the actual distance above 
tubes at which the fusible plug should be inserted in economic-type 
boilers under the requirement of Par. 430r. Is 1 in. above the 
upper row of tubes sufficient? 

Reply: It is the opinion of the Committee that, as this type of 
boiler is quite similar in construction to an h.r.t. boiler, an elevation 


of the fusible plug 2 in. above the upper row of tubes will be neces- 
sary to meet the requirements of Par. 430r. 


Case No. 373 


Inquiry: Will the rules in the Boiler Code for calculation of the 
Adamson type of furnace apply to the design of conical furnace 
shown in Fig. 20, using the mean diameter of the cone as the nominal 
diameter of the furnace, and is it permissible in such construction 
to form the two vertical seams therein by autogenous welding? 

Reply: It is the opinion of the Committee that Par. 231 covers 
the construction described. \utogenous welding is not permissible 
in this type of boiler, except in those portions of the furnace which 
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Case No. 374 
Inquiry: Does the requirement of Par. 256 of the Code, relative 
to the term: “machine driven,” refer solely to hydraulic or other 
forms of pressure riveters, or will pneumatic riveters conform to 
this requirement? ; 

Reply: It was the intent of the Committee that the term: “‘ma- 
chine driven” should apply only to those types of riveting machines 
which are able to drive the rivets with sufficient pressure to fill the 
rivet holes and allow them to cool and shrink under pressure. 
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Methods and Results of the Unemployment 
Conference 


HE management of The Unemployment Conference called in 

Washington September 26, was clearly enough in the hands of 
a man of scientific training and practical experience, whose mind 
would not rest content with the con- 
venient superstition that if a consider- 
able number of men and women are 
called together and allowed to simmer, 
something first-rate must happen some- 
how. He knew that merely jumbling 
together some sulphur and charcoal and 
ammonia water never made aniline dye, 
not even if you stirred them with a stick 
—that the mere presence of the elements 
of a successful conference would not 
guarantee success. Its possibilities and 
impossibilities he assayed in advance, and 
planned and managed the job with the 
cool scientific purpose of getting for the 
country the maximum practical results. 
Best of all there was no belief that by 
some magic a lasting socio-economic 
influence could take form from a few weeks of conference, no 
matter how well managed. Hence, the several projects which the 
conference started are being persistently followed up by individuals 
or small committees under the leadership of the Department of 
Commerce. 

The Conference had two principal fields of work, the curative 
and the preventive. It had to accept the fact that we were in an 
economic mess and propose measures by which we might tide 
ourselves over or pull ourselves out of the emergency; and it had 
to search out every kind of influence which might help in keeping 
us from getting quite so deep into the same kind of mess again. 

Emergency measures were studied first, and preliminary find- 
ings were made with remarkable speed. Through its command of 
the counsel of men of prior experience and by promptly dividing 
its work among relatively small committees, the conference was 
able within a very short time to formulate a close approach to 
standard practice in the work of employment bureaus and relief 
agencies, which most communities are undertaking this winter. 
By placing the responsibility for the institution of such work upon 
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the mayors, a perfectly specific record of accomplishment and 
follow-up was made possible; and the conference was no sooner 
over than Colonel Woods devoted his whole time to this service. 
Where jobs are scarce and we run into the second winter of un- 
employment, intelligent forehanded placement and relief will in 
no inconsiderable number of cities make all the difference between 
order and lawlessness. 

While the results of the Conference ins providing more jobs than 
would otherwise have been available must have been small, here 
again its greater effectiveness lay in an intimate follow-up of the 
public announcements. Members of the Conference and notably 
one president of a large employers’ organization, backed up the 
spirit of the Conference by taking up very definitely with individual 
concerns the necessities of doing as much repair work, advance 
construction and making-to-stock as good business principles 
would allow, and the advantages of distributing the burden of 
idleness among their employees by rotation of jobs and _part- 
time work. The same definite sort of follow-up resulted in the 
clearance of hundreds of State and Federal projects already ac- 
knowledged to be worth undertaking but hung up for some reason 
or other. 

The very sense of inadequacy which any thorough exploration 
of the field of emergency work must arouse was a good preparation 
for the members of the Conference in undertaking the tasks of 
more permanent importance. So far the business world as a 
whole has seemed content to accept constantly recurring periods 
of inaction following periods of scarcely less expensive feverish- 
ness as visitations of any angry economic Jehovah. As yet only 
the pioneer bits of research into the complex of causes of the busi- 
ness cycle have been completed. As a result of the Conference 
there will be carried on during the next six months an investiga- 
tion of causes more expert and extensive than has ever before 
been attempted. If it fails to discover our economic rats and 
fleas, or our commercial anopheles, at least it will come near enough 
to it to excite a scientific curiosity which will not be allayed. 

It is not an unreasonable supposition that the exaggerations of 
prosperity and depression which are the source of our greatest 
damage might be laid largely to the present necessity of business 
concerns going it blind, without some of the data essential for 
their continuous guidance. In making definite recognition of 
this the Conference gave a fresh spur to the projects of the De- 
partment of Commerce and a fresh inspiration to the various 
trade associations to give us pertinent and prompt statistics 

In the field of government, fruit of the conference is already 
apparent in the Bill (Senate 2749) offered by Senator Kenyon to 
encourage and provide for reservation of a part of the public works 
determined upon and appropriated for during prosperous times 
to furnish worth-while work during times of cepression. This 
will withdraw some government projects from competition in a 
crowded and high-priced market, to the advantage of the business 
and laboring community and of the government as well. 

Besides the unemployment due to cycles the Conference paid 
attention to seasonal unemployment, and in the same spirit re- 
fused to bow to the God of Things As They Always Were. For 
the diagnosis of this continuous industrial sickness the managers 
of the conference recognized that each industry offers a problem 
of its own, so provided special committees to make the long study 
of possibilities in building trades and mining industries which is 
necessary before any significant suggestions for improvement can 
be hoped for. 

In addition to all these projects the Conference undertook to 
put through to a point of real accomplishment a consideration 
of the relation of unemployment to the railroad problem, to foreign 
trade, and to shipping, and a statistical resurvey of the extent 
of unemployment. One has only to appreciate the variety of 
temperaments and trainings which had to be gathered together 
in the men and women who had done enough thinking on this 
formidable list of projects to have definite and individual points 
of view, to realize that such a group of folk plunged into open 
meetings would have met certain failure. Points like this were 
thought out in advance. The Conference therefore, was divided 
immediately into committees of workable size, each of which got 
down to the special problems prepared for it in preliminary form 
by an Advisory Committee appointed three weeks before the 
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Conference met, and began to grind itself into bearing with greater 
or less speed, depending upon the skill of its chairman. But this 
method would have lost a public interest of very great value by 
lack of news material, so public hearings were held beginning the 
second day, at which the problems of each committee were taken 
up in turn. When the conference as a whole was ready to meet 
there had already been accomplished by these methods so much 
adjustment of points of view and so much broadening of the under- 
standings of the precise nature of their problems that it was easily 
possible to find ground for unanimous declarations of the general 
principles governing the various phases of the problem. 

There were still left very fundamental differences of opinion 
as to the applications of these principles, as it was foreseen that 
there must be in any such gathering. By the traditional method 
of letting such Conferences run, these fundamental differences, 
being largely temperamental or environmental, and thus non- 
judiciable, would have materialized into long speeches seasoned 
with some bitterness; and then the magical ceremonies of nose- 
counting would have been invoked. Now the Conference was 
clearly not a legislative body. Mr. Hoover had coolly estimated 
what it was and was for and in what ways it could serve the country. 
He knew that people might well be influenced by the unanimous 
opinions of such a group of thoughtful people, but that on any 
question upon which members of the conference differed, the public 
would first want to know who believed thus and who so. There- 
fore such measures as the committees failed to agree upon were 
presented to the country through reports signed by those whose 
views. they represented; and matters that had been so threshed 
out as to constitute a final codrdination of the wide range of ex- 
perience represented at the Conference, were given torm as 
unanimous declarations. 

This sounds simple enough in the telling; but actually the whole 
procedure was a case of thoughtful and ingenious development 
of the technique of such conferences which, so far as I know, sets 
a new standard. With such an example behind us there is no 
more need for our making the mistakes we have made in the past 
in such matters than there would be for a railroad constuction 
engineer now to lay out curves sharper than his locomotive trucks 
could negotiate. 

The engineering profession can find much of interest in the final 
accomplishments of the conference, especially when the standing 
committees complete their assays of the serious conditions in 
great seasonal activities like building and mining; but the profes- 
sion cannot afford to be less interested in the example of sound 
social engineering which the method of management of this Con- 
ference affords. Our social structure has grown in complexity 
well beyond the abilities of any one or two men to chart its proper 
courses. We shall need more of such conferences. And it is 
well that an engineer has come to judgment, that they may be 
managed with an appreciation of the real forces and opportunities 
involved in them. 

Henry 8. Dennison.' 


The Unique Opportunity of the Railroad 
Professional Division 


‘VERY individual in the land is dependent upon the power 
that pulls trains. In fact, the progress of the nation and the 
progress of transportation are inseparable. Our Society offers 
means for record and for discussion of developments in the appli- 
cation of power and equipment for transportation. This places 
before the Railroad Professional Division of this Society a remark- 
able opportunity. 

Inspirations are coming from all directions, from railroad officers, 
from engineers connected with the builders of railway equipment, 
and from engineers who are in the service of companies not directly 
connected with the railroads or with the builders of cars or locomo- 
tives. 

Wonderful results have already been obtained and even greater 
results are in sight, having in mind the development of electric 
power for transportation, steam power and equipment to carry 
loads, both passenger and freight. Problems are repeatedly coming 
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up for discussion, the solution of which with the highest of efficiency 
will depend very largely upon the getting together of all the engi- 
neers who are devoting their lives to this progress. Our Society 
offers the only forum for these studies and discussions which are so 
important to us all. 

Electric-locomotive and steam-power developments are coming 
on apace, Electric applications are progressing and improve- 
ments are being made. Steam locomotives have been improved 
and the present generation of engineers has brought to the steam 
locomotive improvements which were not dreamed of fifteen years 
ago, and the possibilities of which are not yet apparent to even 
railroad officials at the present time. Improvements now under 
development promise even greater efficiency in the steam locomo- 
tive than has ever yet been obtained. 

Electricity and direct steam for railroad transportation are in 
competition. It is most important that those who are devoting 
their attention to the development of the steam locomotive should 
thoroughly understand what electricity is doing. On the other 
hand, it is equally important that electrical engineers should know 
that the steam locomotive of today offers possibilities that are far 
beyond those of the steam locomotive of ten or more years ago, 
uwi that the railroads have before them more improvements in 
their steam power than they have ever used. In other words, the 
steam locomotive as we know it right now is very different from the 
one we knew a few years ago 

Moreover, in a few vears, if full advantage is taken of the possi- 
bilities of increasing the power per pound of weight and the power 
produced by a pound of coal, the steam-locomotive figures which 
we are now talking about will of necessity be changed. This 
society offers the means for bringing out the best and latest facts 
regardmg these developments, and of bringing together the men 
who know these problems. It provides the means for using to 
idvantage the mature thought of the best engineers of this country, 
which of all countries is most indebted to transportation and which 
depends most upon transportation for its future. No other organi- 
h means for getting these author- 
ities together for mutual understanding 


zation of engineers provides su 


G. M. Basrorp 
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The Relation of the Engineer to the Community’ 


AS GOVERNOR, the elected head of a state government, there are 
4 4 two angles of this question to which for a few minutes, I might 
call your attention. One is the practical side, simply a list of those 
positions in our state government which must be filled by competent 
engineers. Upon this I shall only dwell 
for a moment 

I do wish to say, however, that the 
State of Connecticut is proud of its 
Highway Department, and that this 
department is purely an engineering 
proposition. The splendid development 
of the road system in Connecticut is due 
to the work’s having been done by 
engineers without the help of the 
politicians. 

Our Rivers, Harbors and Bridges 
Commission, appointed primarily to 
build the million-dollar dock at New 
London, had and has largely engineer- 
ing problems for its consideration. AOR Bachrach 

Among the duties of the Shell Fish es hae 
Commission are the locating and bound- 
ing of the oyster-bed leases by the state, and the engineer is a lead- 
ing personality in their work. 

The law itself requires that three of the six members of our 
Pollution of Streams Commission shall be engineers. 

In our Department of Health the work of the engineer is as 
much needed and as quickly required in the case of health dangers 
as is that of the physician. 








1 Address of the Governor of Connecticut at a banquet of The Ameri- 


can Society of Mechanical Engineers, Hotel Bond, Hartford, Conn. Nov. 
3, 1921. 
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It is in the Engineering Department of the Publie Utilities 
Commission that their most numerous personnel appears. 

But I will not continue a catalog of those public offices in which 
trained engineers must of necessity serve. I will, however, speak 
of what I shall call the academic angle of my subject. 

There are certain fundamental characteristics of a successful 
engineer, characteristics which he does and must apply to his 
profession if he be worthy of bearing the name of engineer, and 
I wish to urge upon you your duties as citizens to apply them in 
your consideration of the problems of good government and the 
public weal. 

Today we often hear the expression, “Government needs the 
business man in public office,” and if this be true, the need is 
emphatically for the engineering qualities of the business man. 

The first qualification of an engineer is concentration. He 
must focus on his problem like a burning glass, and not study 
with the eye and mind of an impressionistic artist. 

The next qualification is the power of analysis. The real ana- 
lytical engineer does not tear apart with ruthless hands and throw 
into the scrap heap all that comes between him and the point of 
his ultimate investigation. He rather lays aside in an orderly 
and tabulated array the covering or by-products, if you will, that 
they may be again replaced if necessary, or perhaps put to other 
profitable use. 

The third qualification of an engineer is his power of continued 
application. He learns to work continuously and laboriously. 

And a fourth characteristic of the engineer is the quality of 
thoroughness. He must in his task, in his problem, bring it to 
completion. A half-finished job is in his domain practically noth- 
ing done at all. 

These, then, are the fundamentals of a successful engineer, 
and if he but avoids the one danger of his profession—that of 
allowing his concentration to restrict his vision, so that in the 
intense application to any one problem he does not see its full 
scope or misses an opportunity waiting at his very elbow—he 
becomes an ideal citizen and one of the great assets of a nation. 

You engineers apply these qualities to your life work; I am 
asking you tonight that you give a little of them to your duties 
as citizens. 

I read recently Fiske’s opening chapter of the Beginnings of 
New England, wherein he describes the growth and transitions of 
governments. 

First the oriental or ancient governments, where a conquering 
monarch by warfares and struggles conquered and enslaved; then 
through the Roman Empire and the Holy Roman Empire, when 
powerful rulers and governments absorbed by conquest but granted 
citizenship. 

Through all of these years, these centuries, we find the people 
of the world receiving their rights, their liberties, as grants from 
rulers, expanded or contracted at the will of some individual mon- 
arch, or his appointed or self-appointed minister. 

Then came those long years of struggle in northern Europe where 
men were learning self-government and applying that knowledge. 
One of the hardest lessons to learn was that of delegating govern- 
mental functions and yet holding their public officials from trans- 
ferring their delegated power into personal authority. 

With the birth of the United States at our Revolutionary War, 
the rule of the people was forever established. Forward has been 
our march both in knowledge of how to govern and our ability 
to apply that knowledge. So today we who are holding office 
are but your delegates to turn your desires, your determinations, 
into laws and enforcements. So, I say it is the duty of all en- 
gineers to give a little of their ability, which has made them success- 
ful, a little of their time, perhaps an hour every day, to the duties 
of citizenship. 

There are many engineers with all the qualifications of ideal 
public officials who, when asked to serve, say, “I haven’t the time 
to do it;’’ what they really mean is that they have not given the 
time to prepare themselves to do it, 

No matter how successful you are in your own business, you 
cannot be true and square and fair to the state if you cannot or 
will not take time to study its problems and know what its public 
officials are doing. With the same technical skill which the en- 
gineer, the inventor, the surveyor, the mechanic, puts into his 
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own profession, it is his duty every day to study public life and 
public affairs so that if the time comes when he is needed by the 
state he will be prepared for this work 

With the same concentration, the same analysis, the same deter- 
mination, the same thoroughness that you study and solve the 
problems of a big machine, a railroad, a river, or an excavation, 
study and solve the problems of government, municipal and state, 
and you will provide better than any other class of men a solid, 
firm foundation for good government. And then with all of our 
citizenship, sec that there is erected upon this foundation a struc- 
ture of government clean and pure to look at, strong and firm to hold. 

Everetr J. LAKE. 


The Metric Controversy 
TTENTION is called to the report recently issued by the 
National Industrial Conference Board on the Metrie Versus 
the English System of Weights and Measures, and commented on 
elsewhere in this issue of MECHANICAL ENGINEERING, 

A committee representing interests favoring and opposing com- 
pulsory metric legislation in the United States have prepared a 
document which presents the facts regarding this subject in a manner 
worthy of careful consideration by the entire engineering profession 
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The report covers the history and present status of systems of 
weights and measures in this country, outlines the uses of the metric 
and English systems in this and other countries and in special 
fields, and closes with the arguments for and against the substitu- 
tion of the metric for the English system in the United States. 

The report is indeed a notable work and the National Industrial 
Conference Board is to be highly congratulated for having made 
such a research and such a well-directed effort in presenting to the 
public a document of this character. It should do much to clear 
up the present misunderstanding regarding the controversy, which 
hinges on the compulsory adoption of the metric system rather than 
upon the merits of the metric system itself. 

Carvin W. Rice. 


Resolution to Prof. W. F. Durand 


A T a meeting of the Board of Trustees of the United Engineering 
Societies held in the Engineering Societies Building, New York, 
on November 22, a resolution was presented to Prof. W. F. Durand 
expressing appreciation of his -services in connection with the 
International Engineering Congress of 1915. This Congress, 
held September 20-25, 1915, during the Panama-Pacific Inter- 
national Exposition at San Francisco, Cal., was sponsored by the 
following societies, the signatures of whose presidents were affixed 
to the resolution: American Society of Civil Engineers, American 
Institute of Mining and Metallurgical Engineers, The American 
Society of Mechanical Engineers, American Institute of Electrical 
kngineers, and Society of Naval Architects and Marine Engineers. 
Professor Durand, as chairman of the Committee of Manage- 
ment, assisted by representatives of the societies sponsoring the 
movement, made all the necessary arrangements for the Congress, 
which entailed a large volume of work extending over several 
months. It is estimated that altogether some 750 possible authors 
of papers or discussions were corresponded with. Papers in foreign 
languages had to be translated, and papers and discussions had 
to be edited and revised for publication in proceedings of the Con- 
gress, Which consisted of ten volumes. 

The work of printing and distributing the volumes was partially 
completed in 1915 but distribution, especially in Europe, was de- 
layed during the war. Professor Durand has carried on the work 
during these intervening years so that it is now completed and 
the surplus papers and volumes have been ‘transmitted to the 
Engineering Societies Library. 

The resolution to Professor Durand states, in part, as follows: 

“The proceedings of the Congress, issued under your auspices, 
have come to be recognized as authoritatively portraying the 
status of engineering practice; and the engineering profession 
owes you this expression of gratitude for your enterprise, zeal, 
industry, and patience in the consummation of the work of the 
International Engineering Congress” held in the year 1915. 




















Marshal Foch Honored by Four National Engineering Societies 
Honorary Membership Conferred upon Ferdinand Foch, Marshal of France, by Civil, Mining 
and Metallurgical, Mechanical and Electrical Engineering Societies 
at Joint Meeting in New York, December 13, 1921 


N recognition of his unparalleled service to mankind, Marshal service of mankind is a great engineer. You, Marshal, have 

Ferdinand Foch has been unanimously elected to honorary directed a greater mass of human energy than an ( er mal 
membership in the American Society of Civil Engineers, the Amer- has ever don And you have successfully directed this n 
ican Institute of Mining and Metallurgical Engineers, The Amer- for the highest uses of mankind, in that vou by its aid | e pre 


ican Society of Mechanical Engineers, and the American Insti 
tute of Electrical Engineers. The presentation took place in the 
Auditorium of the Engineering Societies Building, 20 West 39th 
Street, New York, N. Y., on the afternoon of December 13, the 
day before Marshal Foch sailed for France 

J. Vipond Davies, president of the United Engineering Society 
and presiding officer of the meeting, stated the purpose of the 





gathering and outlined briefly the organization ol the four societies 
and of the United Engineering Society. Col. William Barclay 
Parsons, commander of the first engineer regiment to go abroad 














a 
<AND Focu, MARSHAL OF FRANCI 
d for him one of the most precious of human possessions- 
berty! Liberty not only for your own illustrious country, but 

r all the nations of the world.” 

(,eorge Ss. Webster preside nt of the American Society of Civil 
Ingineers then made the presentation of one engrossed certificat: 
of honorary members} Ip in ill the societies, jointly, and of a cas 
containing emblems of the membership in four societies. In his 
response, delivered in French, Marshal Foch praised the work of 
engineers during the war, stating that in moments requiring d 
cision, “the engineer stood out as an essential factor in complet 
triumph,” and expressing his gratitude and that of France for their 
services. The ceremonies closed with the presentation te the 
presidents of the four societies of silver replicas of the Foch raedal 

This signal honor, the only one of its kind ever to have been 
conferred, expresses the recognition of these four great societies 
aggregating a membership of some 45,000, of the ability of Marshal 
Foch to supplement his military genius with the effective co- 
operation of the commanders of the armies of five nations and 
the codrdination of their operations that won the war It forms 

b w+ another bond of union between the engineers of the United States 


Tus Focu Mepau and those of France. 

Marshal Foch studied engineering in l’Ecole Polytechnique and 
delivered a brief address in French, expressing the appreciation Ecole d’Application d'Artillerie. He served on the technical 
of American engineers for the incomparable services rendered by — section of the Ministry of War early in life, and later was a full 
Marshal Foch. He said, in part: 

“The art of engineering was defined a long time ago as ‘the art 
of directing the great sources of power in nature for the use and 


professor in l’Ecole de Guerre. The fact that he was not only trained 
in the applications of engineering to military purposes, but has 
also taught some of these branches in France’s notable war schools 
convenience of man.’ No better definition can be found today. and practiced them in the field made him eminently fitted to be, 
Of all the sources of power in nature, the greatest, the most valuable, _ first, Generalissimo of the Armies of the Allies, and later Marshal 
and at the same time the most difficult to direct, is the energy of of France. The victory in which he played so large a part has 
man himself. He who can direct human energy and turn it to the well been given the name “Victoire de Foch.” 
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Marshal Foch has received many honors. On November 21, 
1918 he was elected a member of the French Academy. On the 
first of December of that year he received the Order of Merit from 
the King of England and in July, 1919, was given the title of Field 
Marshal by the King, this being the first instance in which a French- 
man’s name was ever inscribed on the active list of the general 
officers of the British Army. During his recent tour of the United 
States, city, state and national organizations, educational, govern- 
mental and industrial bodies, have united to do honor to the world’s 
greatest soldier. 


Announcements of the DeLamater Ericsson Tablet 
Committee 


At a meeting of the Delamater Ericsson Tablet Committee 
held November 10, representatives of the twenty societies who 
have participated in the movement to commemorate the work of 
Mr. DeLamater and Captain Ericsson were informed of the activi- 
ties of the Committee to date, and were requested to offer sugges- 
tions as to a further program. Those present were requested to 
have their respective organizations appoint representatives with 
authority to add to their number as needed to codperate with the 
Tablet Committee in developing the tentative program for the 
ceremonies to occur on March 9, the 60th anniversary of the battle 
of the Monitor and the Merrimac. This larger Committee will 
formulate the details of the final program. 

The four tablets which have been designed to mark the sites of 
the Phoenix Foundry, Captain Eriesson’s residence, the DeLamater 
Iron Works, and the Continental Iron Works, will be unveiled at 
simultaneous ceremonies taking place on the afternoon of March 9. 
In the evening there will be a public meeting in a hall or a public din- 
ner in a hotel where addresses will be made. 

At the annual dinner of the Capt. John Ericsson Memorial 
Society of Swedish Engineers, held at the Engineers’ Club Novem- 
ber 26, Mr. Olaf Rodhe, who had just arrived from Sweden was 
present and stated his authority to represent the Swedish Engineer- 
ing Societies of Stockholm in arranging for the celebration on 
March 9. 


“Mining and Metallurgy” 


MECHANICAL ENGINEERING extends its congratulations to Mining 
and Metallurgy, admiring as it does its new dress and splendid 
editorial discussion of timely economic and engineering topics. The 
presentations are such that a member of the A.I.M.E. is put in 
touch not only with affairs within the Institute but with what is 
going on elsewhere in the engineering world, and through these 
contacts he finds himself in step with the onward march of his 
profession. MECHANICAL ENGINEERING wishes its contemporary 
every success. 


The “Scientific American’’ 


The new monthly Scientific American, a combination of the for- 
mer weekly Scientific American and the Scientific American Monthly, 
show that the best features of the former publications are being 
combined in the single journal. As a periodical in which both 
layman and professional scientist will be interested, it contains 
leading and short articles covering a wide range of subjects, touch- 
ing on the new and unusual things in scientific discovery in all 
parts of the world. It contains special departments, among which 
are several on inventions and patents, mechanical and electrical, 
engineering, and science notes. The pictorial method of present- 
ing facts, has been retained. 


Index to Volume 43 of Mechanical Engineering 


An index to Volume 43 of MecHANniIcaAL ENGINEERING is now in 
the course of preparation, and, it is expected, will be issued the 
latter part of February. A copy of this index will be sent to each 
member of the Society or subscriber who sends in a written request 
therefor. In order that no more copies than are necessary to sup- 
ply the demand may be printed, requests for copies should be re- 
ceived at headquarters not later than February 15. 
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The Late Sir Charles Douglas Fox 

Sir Charles Douglas Fox, upon whom in 1900 was conferred hon- 
orary membership in The American Society of Mechanical Engi- 
neers, died on November 13, 1921, at the age ofeighty-one. Sir 
Douglas received his early education at the Cholmondeley School 
at Highgate, studied at King’s College, London, and at the age of 
17 was apprenticed to his father, Sir Charles Fox. For two of these 
apprenticed years he acted as resident engineer in charge of work 
upon the Witney Railway, and subsequently was with the Ramsey 

tailway in the same capacity. In 1863 he joined his father’s 
firm as a partner; later his brother, Sir Francis, became a partner, 
and ultimately the name of the firm was changed to Sir Douglas 
Fox and Partners, of which firm he was the head at the time of 
his death. 

Sir Douglas Fox’s work covered a wide field, for his name was 
well known in connection with 
the construction of railways in 
South Africa and Australia as 
it wasin England. Among his 
earlier work was the construc- 
tion of the London, Brighton 
and South Coast Railway, the 
Cape Town and Wellington 
Railway, and the Cape Town- 
Wynberg Railway. With Sir 
James Brunlees, he acted as 
consulting engineer for the 
Mersey Tunnel. For his work 
in this connection Her Majesty 
Queen Victoria conferred the 
honor of knighthood upon him. 
He was also connected as joint 
consulting engineer with the 
construction of the Liverpool 
Overhead Railway. This work 
is unique in England, though 
on lines similar to the elevated 
lines in New York City. Sir 
Douglas and his brother were responsible for the engineering work 
on the Southern and Metropolitan divisions of the Great Central 
Railway. He also took a prominent part in underground-railway 
development in England. In Africa his name is associated with 
the Rhodesian Railway and the famous bridge over the Zambesi 
River at Victoria Falls. Other undertakings in South Africa were 
the Beira Port and Railway, Benguela Railway and the Trans-Zam- 
besi Railway. In South America he was responsible for the construc- 
tion of railways in the Argentine for the Central Argentine Railway 
Co.; in Colombia, for the Dorada Railway Co., and also in Brazil 

He was an enthusiastic advocate of standardization and was one 
of the early supporters of the movement which resulted in the 
formation of the British Engineering Standards Committee in 1901 
on whose main committee he served from the time of its formation 
till early in 1920. 

Sir Douglas Fox became a member of the Institution of Civil 
Engineers in 1866, was elected to the council in 1884 and served as 
its president in 1899-1900. During his term of office he received 
the American civil and mechanical engineers, who were entertained 
at the Guildhall on the occasion of their visit to London that year. 
He was also a member of the Institution of Mechanical Engineers, 
the Institution of Electrical Engineers, and an honorary member 
not only of The American Society of Mechanical Engineers but 
also of the American Society of Civil Engineers. He was a director 
of some ten companies, was vice-chairman of the South Indian 
Railway Co., and chairman of the Industrial Dwellings Co. and 
of the Northfleet Coal and Ballast Co. He patented numerous inven- 
tions connected with railway work. In 1880 he was appointed 
lecturer to the School of Military Engineering, Chatham, his 
lectures dealing with light and temporary railways. He was 
awarded at various times by the Institution of Civil Engineers 
the Manby Premium, the Telford Medal, and Telford Premium 
for contributions to the proceedings. He was elected a Fellow 
of King’s College (London) in 1887. He was a justice of the peace 
and took a prominent part in many of the religious and philanthropic 
movements of the day. 


Str CHarites Dovetas Fox 
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NEWS OF THE F.A.E.S. 
JANUARY MEETING OF AMERICAN ENGINEERING COUNCIL 


The annual meeting of the American Engineering Council will 
be held in Washington January 5 and 6. Details of this meeting 
are not yet available, but the program will include matters per- 
taining to organization, a review of the past year’s activities, and 
decisions as to future policies. The question of finances will re- 
ceive special consideration. A recently issued résumé of the 
activities of the Executive Board stated that although at the time 
the annual budget was adopted information as to probable expen- 
ditures for the fiscal year was necessarily very incomplete, and 
although unusual demands have been made upon the treasury, 
the Board has been able to function within the limits of its resources. 
It has been found, however, that even the moderate dues required 
for membership have been so high as to prevent several organiza- 
tions from becoming members of the Federation. 


E:MPLOYMENT SERVICE 


In accordance with a resolution passed at the September meeting 
of the Executive Board a joint committee of nine, consisting of 
five members of the Executive Board and a representative from 
each of the four national engineering societies, has been appointed 
with power to organize uniform paid employment service for 
engineers. The members of this committee are as follows: Morris 
L. Cooke, Chairman, William McClellan, W. E. Rolfe, H. E. Howe, 
and William B. Powell, of the Executive Board; Richard L. Hum- 
phreys, A.S.C.E.; W. M. Corse, A.I.M.E.; Fred J. Miller, A.S.M.E.; 
and E. B. Craft, A.I.E.E 

The Executive Board has also voted a special appropriation of 
$2000 for emergency employment work. 

ENGINEERING EDUCATION 

The Executive Board has received several communications 
relative to the subject of engineering education. The University 
of Iowa recommended that the American Engineering Council 
“establish standards of engineering education for engineering 
colleges of different grades and rate the engineering colleges of the 
country in accordance with the classification adopted.” A resolu- 
tion by Mr. W. W. Varney of Baltimore, a member of the Executive 
Board who has been among those taking a deep interest in engi- 
neering-education policies, asked that the Federation appoint “‘a 
Committee on Education to consider broadly the training of the 
engineer and to report on desirable changes in present-day engi- 
neering education to better prepare engineering graduates to take 
their proper places in the profession.” Because of these requests, 
although the Board felt that there were other organizations more 
directly affected by and concerned with these matters that are 
giving consideration to them, it has decided to institute appropriate 
inquiry through a special committee on engineering education. 
The Committee on Procedure has accordingly appointed Col. A. 
S. Dwight of New York, Prof. Chas. F. Scott of Yale, and Mr. 
Varney to study the problem and work out a policy for the 
PALES. 


Errata 


In the paper by Dr. D. 8. Jacobus on Boiler and Furnace Econ- 
omy in the December issue, the temperature mentioned in the 
fifth line of the third paragraph from the bottom of page 782 was 
erroneously stated to be 500 deg. fahr. It should read 300 deg. 
fahr. 

The November issue of MEcHANICAL ENGINEERING contained 
an account of a recent snow removal meeting of the Materials 
Handling Division of the A.S.M.E. in which there were some 
erroneous statements concerning a device evolved by Edward A. 
Smith of West Englewood, N. J. The size of the melting chamber 
of this machine is 67,400 cubic inches instead of cubic feet. Mr. 
Smith states that at 30 cents per cu. yd., a price which has been 
paid by the city of New York, it would cost $2,220,000 to remove 
7,400,000 cu. yd. of snow, representing an 8-in. fall on approximately 
33,000,000 sq. yd. of streets, whereas by using 100 of his machines, 
and working 28 hours, this amount of snow could be melted for 
$28,000, including the total operating expenses. 
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NEWS OF OTHER SOCIETIES 
NATIONAL FOUNDERS’ ASSOCIATION 


The twenty-fifth annual convention of the National Founders’ 
Association was held in New York on November 16 and 17, 1921. 
At the opening session, President William H. Barr discussed the 
industrial situation and general causes of present conditions, and 
A. IX. McClintock, commissioner of the association, urged training 
of forces for future expansion of industry, instruction of employees 
in principles of economics, and development of a spirit of loyalty 
within industrial organizations. 

Among the speakers at the afternoon session, November 16, 
were Magnus W. Alexander, Mem.Am.Soc.M.E., on Wage Liqui- 
dation in American Industry, and A. C. Davis, on The Present 
Railway Situation. Mr. Alexander presented charts showing 
changes in wage rates during recent years, hours worked, percent- 
ages of employm« nt, ete., with special reference to foundries and 
machine s] Ops These charts are based upon investigations con- 
ducted in over twenty industries by the National Industrial Con- 
ference Board, of which Mr. Alexander is managing director. 

Mr. Davis, vice-president of the Gurney Ball Bearing Company, 
traced the development of the railroad and discussed some of the 
measures wherein he believed the solution of some of the present 
railway problems might be found. 

On the second day of the conference the following addresses were 
presented: Foreman Training, L. V. Hartley, and Foundry Costs, 
Robert FE. Belt. Mr. Hartley, of the Department of Vocational 
Education of the State of Nebraska, described the project method 
of training foremen used in that state and showed charts indicating 
savings in operation costs resulting from the installation of foreman- 
training courses in various plants. 

Mr. Belt, who is secretary-treasurer of the American Malleable 
Castings Association, gave a paper which dealt with foundry costs, 
pointing out the importance of an accurate and uniform system and 
giving the relation of cost to selling price. 

An extemporaneous speaker on the first day of the conference was 
Governor Henry Allen, of Kansas, who gave a brief history of the 
Court of Industrial Relations in that state. He stated that of the 
thirty cases decided by the court, twenty-nine have been satisfactory 
to both employers and labor. 

The convention addressed a resolution to the United States 
Senate urging that railroad regulation be handled by a public tri- 
bunal and emphasizing the importance of adjusting all problems 
without stoppage of service. 


AMERICAN IRON AND STEEL INSTITUTE 


A memorable meeting of the American Iron and Steel Institute 
was held in New York on Friday, November 18, 1921. The open- 
ing address by Judge Gary, president of the Institute, discussed 
business conditions, expressed his endorsement of limitation of 
armament and prophesied prosperous business conditions in the 
comparatively near future. 

Six papers were presented at the professional sessions. John 
W. Kargarise, of the Edgar Thomson Works, Carnegie Steel Co., 
Braddock, Pa., discussed improvements in open-hearth port, con- 
struction, describing early types and giving some of the results of 
the McKune system and the Venturi and Egler furnaces. 

James M. Camp, director of the Bureau of Technical Instruction, 
Carnegie Steel Co., Pittsburgh, Pa., outlined the relations of the 
iron and steel and chemical industries. 

Thomas J. Foster, chairman of the National Bridge Works, 
Long Island City, explained the formation of steel lumber and 
described various types used for building construction. He enum- 
erated the characteristics of steel lumber which make it economical 
and described tests to which it has been subjected. He stated 
that residence work, including apartments, is twenty per cent of 
the total building of this country and that with an ideal steel joist 
a large share of these structures will be built of steel at a material 
reduction in price. 

Fusion Welding and the Processes in Use were described by 8. W. 
Miller, president of the American Welding Society. He gave the 
composition of low-carbon steel wire used for gas-welding steel 
and also of wire for electric metallic-arc welding. Among causes 
of failures in welded parts he spoke of lack of fusion, both along the 
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side of the V and in the weld metal itself, and also of the oxidizing 
action of the water vapor in the gas welding flame and that of the 
air on the finely divided metal passing through the electric arc. 
He was of the opinion that nitrogen has no serious effect so far as 
tensile stress is concerned but that brittleness of welds is due to the 
presence of oxides. 

W. A. Hull, chief of the Refractories Section of the Bureau of 
Standards, in a paper on Refractories in the Steel Plant, made a 
strong plea for adequate specifications and codéperation between 
producer and consumer. A. E. Bourcoud, consulting engineer, 
New York, discussed a direct process for steel manufacture. 

The meeting closed with .a banquet in honor of Marshal Foch, 
at which there were many distinguished guests. After-dinner speak- 
ers, besides the guest of honor and President Gary, were Charles M. 
Schwab and W. D. Guthrie. 


Society OF NAVAL ARCHITECTS AND MARINE ENGINEERS 

The Society of Naval Architects and Marine Engineers held its 
twenty-ninth general meeting in New York Thursday and Friday, 
November 17 and 18, 1921. Thirteen papers were presented at 
four professional sessions. One of these sessions was a joint meet- 
ing with the American Institute of Electrical Engineers, at which 
W. i. Thau, general engineer for Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa., presented a paper on 
Electric Propulsion of Ships, and EF. D. Dickinson, mechanical 
engineer of the Marine Department of the General Electric Com- 
pany, Schenectady, N. Y., spoke on Electric Auxiliaries on Mer- 
chant Ships. 

Among the subjects discussed at other sessions were The Tactical 

telations between Different Classes of Men of War and Their 
Embodiment in Design; Development of the Three-Plane Navy, 
With or Without Battleships; How Can American Ships Compete 
Successfully with Foreign Ships; The Importance of Port Facilities 
in the Development of Merchant Marine and Commerce; American 
Apprenticeships, Schools and Scholarships; and Design and Con- 
struction of Passenger Steamers. 

Special arrangements were made for the convenience of those 
members desiring to view the exhibition of the Marine Equipment 
Association of America held in New York during the week of Nov- 
ember 14-19. The most modern auxiliaries and equipment in- 
stalled on board ships as well as illustrations of various new methods 
in shipbuilding work were displayed at this exhibition. 

THe Tayior Sociery 

The Taylor Society held its annual meeting in New York, Dec. 
1,2 and 3. The first publie session, held Thursday evening, De- 
cember 1, was devoted to an examination of the evaluation sheet 
devised and used by the Committee on the Elimination of Waste 
in Industry. The technique of the method employed by the 
committee was discussed by a large number of engineers who 
cooperated in the investigation. 

There were two sales executives’ sessions on the second day of 
the conference, one devoted to the report of the Committee on 
Sales Engineering and one to a paper on the necessity of the quota 
for proper sales cost accounting. There was also a plant managers’ 
session, with a paper by C. F. O’Connor, production manager of the 
Universal Winding Company, Providence, R. I., and discussion of 
maintenance of a system of operations under varying conditions 
by Carl G. Barth, Wilfred Lewis, William O. Lichtner, R. G. Scott, 
and other engineers well fitted to deal with problems of scientific 
management. 

At an office managers’ session it was shown that such fundamen- 
tal principles of scientific management as precise control of routine 
operations, standardization the basis of control, and investigation 
and experiment the basis of standardization, can be applied to 
offices as well as shops. 

The evening session on December 2 dealt with the general control 
of business. In a paper presented by John H. Williams, of Day & 
Zimmermann, Philadelphia, it was shown that any precision in 
general control rests upon the foundation of precision in the details 
of operating organization and control. This session was planned 
by the Taylor Society in order to bring out discussion which may be 
used as a guide in its study on the problem of general administrative 
control. This study is being conducted by a special committee 
appointed by the society. 
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On December 3 there was a plant managers’ session and a labor 
managers’ session. The first was devoted to a study of combina- 
tion routing to meet the problems of small quantities and short 
operations. The second presented an analysis of the elements 
which make a good worker and of the forees which influence these 
elements. 

The meeting closed with a luncheon in honor of Henry R. Towne, 
honorary president of the Taylor Society. Addresses by Mr. 
Towne, Wilfred Lewis, president of the Tabor Manufacturing Com- 
pany, Philadelphia, and Calvin Rice, secretary A.S.M.E., were 
reminiscent of the early days of scientific management and of 
Frederick W. Taylor, of whom Mr. Towne was always a strong 
supporter. 


RADIO SHIP CONTROL 


4 


(Continued from ¢f 


neering. Its success was pronounced from the start, but as with 
the first tests of all such apparatus, it was found that some ol 
the parts were too sensitive, and more rugged ones were devel- 
oped under the direction of the officers of the Battleship Ohio 
Simplification of the equipment was also effected in the same 
manner, 


PROCESS CHARTS 


ued page 41 


5 Motion study 
6 Micromotion studies and chronocyclographs for obtaining 
and recording the One Best Way to do Work 
e Make process chart of the process as finally adopted as a base 
for still further and cumulative improvement. 
Note that 
a Visualizing processes does not necessarily mean changing the 
processes 


6 Process charts pay. 


CODE FOR DISPLACEMENT COMPRES- 
SORS AND BLOWERS 


(Continued from page 48 

(62) Temperature of steam leaving steam receiver, if super 

heated deg. fahr. 
(63) Temperature of steam in exhaust pipe as observed deg. fahr. 
(64) Temperature of saturated steam in exhaust pipe corre 

sponding to pressure in exhaust pipe deg. fahr. 
Total Quantiti 
(70) Superheat, at throttle deg. fahr 
(71) Moisture in steam per cent. 
(72) Total steam and water consumed by engine as measured lb 
(73) Total steam-less water consumed. . Ib. 
(74) Correction factor conforming to conditions agreed upon. Ib. 
(75) Equivalent total steam consumed, conforming to conditions Ib. 


Unit Quantities 


(76) Steam and water (or superheated steam) consumed per hour as 


measured : : oa : . lb. 
(80) Steam less water (or superheated steam) consumed per hour lb. 
(81) Equivalent conforming to conditions consumed per hour lb. 


Powe r Input 


(90) Steam cylinder—Indicated horsepower developed, whole engine i.hp. 


(91) High-pressure steam cylinder, crank end ; Faia i.hp. 
head end i.hp. 
(92) Low-pressure steam cylinder, crank end... pews 
head end.... ; . i.bp. 


Economy Results 

(105) Steam less water (or superheated steam) consumed per i.hp-hr. 
(Item 80+Item 90)....... , os lb. 

(106) Equivalent steam consumed per i.hp. (Item 81+ Item 90) Ib. 

(107) Steam less water (or superheated steam) consumed per 100 cu. ft. 
of air or gas compressed at intake pressure and temperature (100 X 
SO TOS PO Welisiciescrcsccaviereccvesseesc Thier 

(108) Equivalent steam consumed per 100 cu. ft. of air or gas compressed 
at intake pressure and temperature (100 Item 75+ Item 67)lb. 


TABLE 4 ADDITIONAL ITEMS APPLYING ONLY WHEN THE 
DRIVING ELEMENT IS AN INTERNAL-COMBUSTION ENGINE 


(The items of this table will be developed upon the completion of the 
Test Code for Internal-Combustion Engines.) 





T- 





—- 











Metric vs. English System of Weights and Measures 
Review by Luther D. Burlingame, Chairman of the A.S.M.E. Standing Committee on Weights and 
Measures, of Research Report No. 42 of the National Industrial Conference Board 


the continued discussion of the the 


of the metric system in this country, to supplant 


question Of 


( WING to 

adoption 
the established system ol weights and measures, a joint committee 
was appointed by the National Industrial Conference Board 
represent interests lavoring and opposed to the adoption of the 
metric system in the United States, with the idea of 
thorough and impartial investigation of the situation, 
lishing the 


to 


making a 
and pub- 
be had for an intelli- 
gent decision not only by the affiliated organizations making up 
the National Industrial Conference Board, but thi 
large. The following Committee served 

Ik. M. Herr, Chairman, president of the Westinghouse Electri 
& Mfg. Co 


results in order that a basis may 


public at 


by 


has 


rep J. MILLER, past-president Che Amer Societ 
Mechanical Kngineers 

Henry D. SHarpe, tre irer, Brown & Sharpe Mfg. ¢ 

Henry R. Towne, chairmar Board of Directors, ¥ A 
Towne Mfg. ¢ 

FRANK O. WELLS resident he G field ‘T 
& Die ¢ 

Under the supervisi this Committee the 1 gat 
carried on through trained emplovec the Nat 1 | ist 
Confere1 Board, and | resulted in the publication of a re 
of 261 pag divided into three parts 

I History and Pre t National Status of Syste f Weigl 
1 Measure 
Il Use of Metri nd I:nglish Systems in S ial Field 
[11 Arguments for and against the Substitution of the Meta 
for the English System in the United States. 

Part I gives first the origin of the English and other natural 
syster showing how our present system has developed from the 
needs of men, and has become adapted to fundamental trades 
ind industries. The history of the origin and development of 
the metric system follows. The present status of the two systems 


is then compared, showing the number of cot nd population 
of the 


dor 


neither 


intries { 


each whe re english and metric systems respectively pre- 


ninate, and their relative percentages to other countries where 
pre This analysis the English 
system predominates in twelve countries with a population of 
350,000,000, the in 
a population of nearly 400,000,000, 
the combined total, however, being less than half the population 
of the world, this “larger half” being listed as having neither the 
english the metric system predominating. 

This part of the report deals with many of the South Americar 
countries which were considered in a paper entitled, The Weight 
and Measures of Latin America, presented by Mr. F. A. Halsey 
before the A.S.M.ke. at the Annual Meeting in December, 1918; 
and it is interesting to compare the findings of the investigators 
of the National Industrial Conference Board with those in Mr. 
Halsey’s paper. While Mr. Halsey goes much more into detail 
as to the lines of industry and manufacture where the various 
systems are used, the general trend of the present report follows 


lominates shows that 


nearly while metric system predominates 


thirty-seven countries with 


hor 


very closely the findings as shown by his investigation, and countries 


him as showing least toward 
the metric system in actual use, are classed as doubtful. 

Under the heading Weights and Measures in the United States 
the present situation is summarized clearly and holds the issue 
up squarely to the American public, as follows (page 42 of the 
report 

The situation 
the 
t change from their 


which were reported by 


progress 


United 


contronte d other 


the 
that 
local systems to the metric 


today different 
important countries in 
In other 
iderable confusion of weights and measures existed at the time 
was brought about. In other countries, 
the industrial life of the had and standardized 
to the extent that modern production makes necessary. The 
outside of Europe which have adopted the metric system have 
no organized industry in the modern sense. 

In the United States today there is, in the first place, no fundamental 


in however 


situation 


states, is 


quite 
from ™m iking 
countries con 
the change 
ilso, the change took pl ice hefore 
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little or 
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Che report then goes on to analyze these various Issues and to 
give a background, so that an intelligent answer can be given to 
each of these questions, under the following headings 
; : 1 4 
1 Science and Engineering, under which are discussed chemistry 
medicine and pharmacy, electrical, mechanical, and civil engi- 
= . ' 
neering, ete Chis division is thus summarized 
\ sider ‘ i for a cl g I ter weight ly ! 
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analvtical and statistical discussion, it is summarized thus 


Ia the four fields treated in this chapter, such little demand exists 
for a change to the metric svstem comes from those engaged vholesale 
trade, who, as has been noted, comprise a very small grou} t 
speaking There is practically no sentiment at all in favor " ul 
to be found in the other fields discussed 
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ucts, lumber, paper and printing, leather and its finis! 
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ng, including textiles, metal products, food prod- 
ed products, 


The summary of this part of the investigation states that 


The survey in this chapter of various specific manufacturing industri 
serves to indicate how intimately weights and measure ire ti ‘ 
the products of manufacture and how widely En h unit I l | 
various industries the world over. 


The report cites specific instances to illustrate this, and continues: 
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Over 90 per cent of the metal-products industry registered decided 
opposition to a change. The food-products industry showed similar op- 
position. The lumber industry was likewise opposed and emphasized 
“the great confusion and incalculable expense’ that would result. The 
paper and printing, automobile, railway car, shipbuilding, and imple- 
ment and vehicle industries also went on record as decidedly adverse to 
any change. 

The manufacturing field, employing as it does over 10,500,000 workers, 
and producing commodities valued at something like $25,000,000,000 
annually, is unquestionably one of the most important fields of industry 
in the United States. The indications are that a compulsory change to 
the metric system would profoundly affect many manufacturing lines 
especially during the period of transition, which the experience of other 
countries suggests would be very long. The interests and desires of such 
an important field and the effect of a change in weights and measures upon 
it should naturally be carefully weighed in considering the advisability 
of a compulsory change. 

4 Foreign Trade. Much attention is given to an analysis of 
world trade, and the arguments pro and con, as to whether a 
change to the metric system would be of appreciable benefit to 
the foreign trade of this country. The figures show that 48.2 
per cent of the world’s export trade is now transacted by English 
countries, 37.5 per cent by metric countries, and 14.3 per cent by 
other countries. This indicates that while more than half of the 
population of the world is included under the heading “other 
countries,” the total amount of foreign trade which they represent 
is a very small percentage of the total. 

The graphie diagrams shown in the report make very clear 
the relative importance of the different elements which have an 
influence on this discussion, and the above ratios are shown in 
one of these diagrams. (Page 105). 

Another diagram (page 113) shows the exports of the United 


Waste in 


WastTE IN INpustrY. By the Committee on Elimination of Waste in In- 
dustry of the Federated American Engineering Societies. First edition, 
1921. Published by Federated American Engineering Societies, Wash- 
ington, D.C. McGraw-Hill Book Co., Inc., New York, selling agents. 
Cloth, 6 X 9 in., 409 pp., charts, tables, $4. 

REVIEWED By JosePH W. Rok,! New York, N. Y. 
HILE many have been attacking the problems of waste in 
specific industries with steadily increasing effect, no qualified 
agency has heretofore attempted to do so for Industry as a whole. 

One of the first acts of Mr. Herbert Hoover, as first president of 
the Federated American Engineering Societies, was the appoint- 
ment of a committee of engineers to undertake this, and the book 
in hand is their formal report. The purpose was to gather con- 
crete information, to stimulate action, and lay a foundation for 
other studies. No attempt was made at an academic definition of 
waste. It has been treated as the difference, in material, time and 
effort expended in production, between average practice and the 
best known practice; and the committee has undertaken to evalu- 
ate this difference. Its first work was to set up units and methods 
of measurement which could be applied to all the industries studied. 
This is something new and of great possibilities. With this in 
view a very complete questionnaire was prepared and used as : 
basis for a trial study of one plant in each industry. The results of 
these studies were brought together, reviewed by the committee 
and a revised questionnaire developed, which was used in all sub- 
sequent work. The quantitative comparison between different 
industries was made through use of a point system on “evaluation 
sheets,”’ these sheets having the same grouping of information as 
the questionnaire, and with definite, careful instructions as to the 
method of arriving at the totals. The totals indicate waste in 
comparison with the best existing practice. Both the questionnaire 
and the evaluation sheets are given in full and are one of its most 
valuable parts of the report. 

This method of rating by points supplies a common ground for 
the findings of 50 engineers, covering 125 plants, in 6 industries. 
While it cannot eliminate variations of judgment in evaluating 
the different elements, it makes sure that the same method is used 
in all cases, also that the same elements are considered and in the 
same relationships. 





1 Professor of Industrial Engineering, New York University. Mem. Am. 
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States to English countries as 41.9 per cent, to Latin-American 
English and other countries, 5.7 per cent, to European metric 
countries 37.1 per cent, to Latin-American metric countries, 6.3 
per cent, and to all other countries, 9 per cent. 


ARGUMENTS FOR AND AGAINST THE SUBSTITUTION OF THE METRIC 
FOR THE ENGLISH SYSTEM IN THE UNITED STATES 

Part III is in the nature of the lawyers’ pleas on each side of a 
case before a court, and is of value as showing opposing views 
strongly expressed. It is divided under the headings: 

1 Intrinsic Merits of the Metric and English Systems 
2 Advantages and Use of Metric as Compared with the English 
System in Special Fields 
Practicability of Making a Compulsory Change 
Extent and Character of Demand for such a Change 
5 Comparison of Metric and English as Universal Systems. 

The arguments pro and con under these headings are presented 
in such a way that they are in the nature of a spirited debate, and 
any one who is even casually interested in great issues before 
this country would be not only instructed but greatly interested 
in carefully following the discussion. (The report may be obtained 
from The Century Company, New York, at $2.50 a copy.) 

It is believed that with the metric question again before a con- 
gressional committee and the issue being raised before great national 
organizations throughout the country, a careful study of this 
report will help to insure sound judgment in coming to such a 
decision as will place the influence of the reader on the side of this 
momentous question where it will count to support that policy 
which will be for the best interests of the American people. 


n pe CO 


Industry 


There is no hesitation in saying that the study affords the best 
information we have to date. It makes no claim to minute accur- 
acy, but it does to substantial accuracy. The broad findings are 
summarized in the Tables 1, 2 and 3. 

From Table 1 are derived percentage values for each of the 
agencies against which responsibility is assessed, as ‘n Table 2. 


TABLE 1 
Responsibility 
Responsibility Responsibility Assayed Against 
ssayed Assayed Outside Contacts Totals, 
Industry Against Against (The Public, Trade 
Studied Management, Labor, Relationships, and 
other Factors), 
Points Points Points Points 
Men's Clothing Mfg.... 48.33 10.50 4.95 63.78 
Building Industry...... 34.30 11.30 7.40 53.00 
aid eaala ta & 03 36.36 16.25 5.00 57.61 
Boot & Shoe Mfg vse Mee 4.85 5.83 40.93 
Meta! Trades. . — * | 2.55 2.88 28.66 
Textile Mfg. 46 oe 4.70 19.80 49.20 
TABLE 2 
Responsibility 
Responsibility Responsibility Assayed against 
Assayed Assayed Outside Contacts 
Industry Against Against (The Public, Trade 
Studied Management Labor, Relationships, and 
other Factors) 
Per Cent Per Cent Per Cent 
Men's Clothing Mfg. 75 16 9 
Building Industry. : 65 21 14 
Ph cn etatneee « ; 63 28 9 
Boot & Shoe Mfg. ..... 73 11 16 
Metal Trades......... 81 9 10 
Textile Mfg.. a ae 50 10 40 


TABLE 3 
Points Assayed Points Assayed 


Against the Best Against the Ratio 
Industry Plant Studied Average of all Best to Average 
Plants Studied 

Men’s Clothing Mfg 26.73 63.78 1:3 
Building Industry...... 30.15 53.00 1:1% 
ae ee 30.50 57.61 Ee 
Boot & Shoe Mfg..... 12.50 40.83 1:3 
Metal Trades......... 6.00 28.66 1:4% 
el 28.00 49.20 1:1% 


In every industry there are outstanding examples of good man- 
agement. Table 3 gives a comparison of the best plant in each 
industry studied, with the average of the plants. 

These tables embody the general findings developed throughout 
the report. The results have surprised the general public, but 
not those familiar with management problems. Management has 
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the greatest opportunity and responsibility for eliminating waste. 
Labor has an important part, though smaller in proportion. The 
public also has a part, but less clearly defined and far more difficult 
to rectify. In many cases it involves change of habits and tastes. 
It is all very well to talk of a reduction in the numbers of styles, 
but only a nervy man would tell his best girl that standardization 
requires her to wear her last year’s hat a second winter; and the 
worst of it is, he would quit loving her if she did. 

The first of the three sections is a summary of the detailed 
reports, covering the sources and causes of waste, recommenda- 
tions for elimination, and a description of the questionnaire and 
the evaluation sheet used. 

The second section contains the reports of the six industries 
studied—the building trades, men’s ready-made clothing, shoe 
manufacturing, printing, metal trades and textile manufacturing. 

The third section comprises seven general reports, covering 
unemployment, strikes and lockouts, legal machinery for adjusting 
disputes, industrial accidents, health of industrial workers, eye 
conservation, and purchasing and sales policies. These are statisti- 
cal in nature, but all have constructive suggestions for betterment. 

This book should be read by every man ina position of industrial 
responsibility. It is full of matter challenging attention and 
maintains throughout a constructive attitude. The method of 
gaging wastes is especially suggestive and forms a yardstick by 
which a manager can measure waste in his own industry and in 
many cases establishes a‘basis of comparison which may prove a 
great help. The yardstick may be crude, but until a better one 
is devised, valuable comparative results can be obtained if every- 
body uses the same stick. 


Bow ik Notes 


AMERICAN ACADEMY OF POLITICAL AND Sociau Science, 
Paper, 6 X 9 in., Vol. 89, No. 178. 289 pp., $1.25. 


ANNALS OF THE 
May 1920. 


This volume of essays discusses the economic significance of 
present-day prices, price factors in typical commodities, wages, 
profits and excess profits taxes, production, coéperation, inter- 
national finance and trade in their relation to prices, inflation and 
prices, and the world’s monetary problems. The papers included 
are by well-known economists, business men ahd engineers. 


Bieacuinae. By 8. H. Higgins. Longmans, Green & Co., New York, 1921. 
(Publications of the University of Manchester, No. 142.) Cloth, 6 xk 9 
in., 137 pp., $3.75. 


The idea of this volume is not to give an account of the subject of 
bleaching, but to act as a supplement to other books, of which there 
are many, dealing with this industry. The author’s intention has 
been to discuss the important researches of recent years bearing on 
bleaching as a basis for further research. 
CENTRAL Station Rates iN THEORY AND PRACTICE. 


menger. Frederick J. Drake & Co., Chicago, 1921. 
in., 382 pp., illus. 


By H. E. Eisen- 
Fabrikoid, 5 X 7 


A textbook for students of electric rates, intended to meet the 
needs of both beginners and experts. Discusses the cost of electric 
service, its price, systems of charging, rate analysis, the accuracy 
of rates and public regulation of public utilities. Appeared serially 
in the Electrical Review. 
CENTRIFUGAL Pumps. By J. W. 

London, 1921. 


Cameron. Scott, Greenwood & Son, 


Cloth, 6 X 9 in., 142 pp., illus., $3.75. 

This small book discusses the theory of these pumps, hydraulic 
losses, hydraulic efficiency, bearings, effect of vane angle on effi- 
ciency, pump details, axial thrust balancing, calculation and design 
of pumps, and commercial types. The work is intended for engi- 
neers and draftsmen. 


Les ComBusTIBLes Liquipes ET Leurs AppiicaTions. By the Syndicat 
d’Applications Industrielles des Combustibles Liquides. Gauthier- 
Villars et Cie, Paris, 1921. Cloth, 4 X 6in., 621 pp.., illus. 


This handbook, published by an association of French companies 
interested in the production and use of liquid fuel, has been pre- 
pared as a practical guide to users and dealers. It includes the 
regulations governing the importation and use of liquid fuels, 
insurance laws, brief descriptions of the chief oil-producing coun- 
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tries, the principal fuel oils and lubricants and methods for testing 
them. Descriptions of the leading French types of internal com- 
bustion engines, furnaces and boilers are given, and directions for 
storing and shipping oil. 
tables and coefficients. 


The final section consists of conversion 


CONDENSED CATALOGUES OF MECHANICAL Equipment. Published by 
The American Society of Mechanical Engineers, New York, 1921. 


Eleventh annual volume. Cloth, 6 X 9 in., 932 pp., illus., $4. 


The eleventh issue of this convenient collection of commercial 
data upon mechanical equipment and accompanying directories 
of manufacturers and consulting engineers follows the form of 
preceding editions. It however, been enlarged considerably 
and revised carefully. Four thousand firms are listed, under 3000 
classes, and 495 of these have published data about their products 
in the book. The number of consulting engineers is 1000, classified 
under 400 lines of specialization. 


has, 


ELEKTRISCHE 
1921. 


FOERDERMASCHINEN By W. 
Paper, 6 * Yin 


Philippi. S. Hirzel, Leipzig, 


304 pp., illus 

The use of electric hoisting machinery in mining is covered from 
several electrical and 
special stress upon the last as pe ct of the question. 
whether electric hoisting shall be 


viewpoints, mechanical, 


with 
The question, 
adopted for a given mine, is the 
one to which most attention is given 


economic, 


EMPLOYMENT MANAGEMENT, WAGE Systems AND Rate Serrina. First 
edition. The Industrial Press, New York, 1921 Paper, 6 9 in., 
103 pp., $1. 

This concise description of systematic methods of employing 


and placing men, and of wage-payment systems, is based on articles 
that have appeared in Machinery, describing the practice in the 
Westinghouse Electric and Manufacturing Company, R. K. Le- 
Blond Machine Tool Company, Norton Company and other manu- 
facturing plants 


Die FoRDERUNG VON MASSENGUTERN. By 


192] 


Vol. 


illus., 


Georg von Hanffstengel. 
l Julius Springer, Berlin, Cloth, 6 9 in., 306 pp., 


234 M. 


! 


Volume one of the third edition of this useful treatise deals with 
belt, chain, bucket, screw, spiral, pneumatic and hydraulic con- 
veyors, together with some minor types. The text is practical as 
well as theoretical, and covers modern practice very thoroughly. 
The work has been thoroughly revised. 


By William C. Marshall. 
, New York, 1921. 


GRAPHICAL Meruops. 
Hill Book Co., Ine 


$3. 


First edition. McGraw- 
Cloth, 6 X 9in., 253 pp., charts 


A general treatise on the construction and use of graphical 
charts. Includes charts intended to appeal to the general public, 
those of interest to executives and those intended to facilitate 
engineering and scientific calculations. Gives many examples of 
the application of charts to a great variety of purposes and con- 
tains an extensive bibliography of published charts. 


Stream Roap Veunicites. By L. M. 
lliffe & Sons, Ltd., London 


Mey rick-Jones. Second edition. 
Cloth, 6 X 8 in., 213 pp.., illus., 5s. 


This book is intended to provide an explanation of the theory 
and practice of steam-road transport, suited to the needs cf owners 
and as an instruction book for drivers and mechanics. Its twenty- 
eight chapters describe the principles involved in the generation of 
steam and the construction of the various units that make up the 
vehicle. This edition has been revised and enlarged. 


The practice 
described is exclusively British. 


y Hager. 


York, 1921. 


Oi-Fietp Practice. By Dorsey 
Book Co., Inc., New 


illus., diagrams, $3. 


First edition. McGraw-Hill 
“abrikoid, 5 & 7 in., 310 pp., 


The subjects treated in this volume are the acquisition of lands, 
development drilling, development production methods, trans? 
portation, storage, fires, avoidable wastes and losses, refining me- 
thods, valuation and buying, and general observations on the in- 
dustry. The appendix contains sample forms for records, useful 
tables and a glossary. The book presents American methods of 
developing oil properties and is intended to give an intelligent 
insight into the petroleum industry as a whole. To a certain extent 
it supplements the author’s earlier work, Practical Oil Geology 
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COMPOUNDING THE COMBUSTION 
ENGINE 
(Continued from page 32) 


under complete control. In one instance the clutch succeeded in 
suppressing entirely a very serious “critical” which occurred in a 


700-hp. submarine type Diesel near the normal running speed.! 


SAVING IN WEIGHT AND SPACE OVER DIESELS 

In Fig. 13 there is shown in side elevation to the left, and end 
elevation to the right, the comparison between the compound 
divided-unit geared drive delivering to the tail shaft the same power 
and speed as the standard Diesel unit of the largest manufacturer. 
The divided unit consists of two engines, each with four combustion 
cylinders, in two compound units. Note each of these engines gives 
the same turning moments and torque diagram as an eight-cylinder 
Diesel. In fact, with this divided unit we have eight combustion 
cylinders in the two engines with less than half of the cams, ete., of 
a six-cylinder Diesel, with all the advantages of two engines, includ- 
ing immunity from shutdown, possibility of inspection and other 
operating advantages which are well recognized. These two views 
serve graphically to give some idea of the saving in weight and space. 
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What is the remedy? There must be a speedy adjustment of 
affairs vital to mankind; we must secure a recognition of and 
obedience to all of these laws or we will soon be in the midst of 
the greatest conflict of all ages. We are only just beginning to 
admit that here is the source of most of the difficulties that we 
have today. 

If civilization is to continue, and I am sure it is, this complete 
conformity must be sought for, found, accepted, and reduced to 
practice. If the search is not to be made by engineers, then it 
must be made by some other group of men or by some one man. 
The world awaits the solution, men’s eyes are turned, looking 
with expectancy, some hopefully, some fearfully. They long for 
peace, the peace that will come only when this age-old struggle 
between Capital and Labor has ceased. 

Ingineers, even though this message has been heralded through- 
out the land, are slow to accept the challenge to further serve 
mankind. They are seemingly content to perform only a part of 
the work for which they have prepared. 

The Federated American Engineering Societies, speaking 
the American Engineers, thus defined “Engineering:” 


for 


. oo. 
and of utilizing the 
materials of nature for the benefit of man, and the art of organizing and 

directing human activities in connection 


Engineering is the science of controlling the forces, 


therewith 


As service to others is the expression of the highest motive 


to which men respond and as duty to contribute to the public 
welfare demands the best efforts men put forth Now, there- 
ee 

If we accept this definition, and as a Society we have 


The 
The opportunity for service is before 
us, a service greater by far than the glorious achieve- 
ments of the an opportunity of weaving together 


already done so, then we cannot escape our duty. 
door is open wide. 








Fic. 14 


COMPARISON BETWEEN RECIPROCATING STEAM PLAN1 
POUND D1EsEL ENGINE 


AND 


To aid in the comparison with the reciprocating steam engine, 
Fig. 14 has been developed, giving three views of the steam plant 
in shaded background. Against it there is outlined the standard 
compound, two-engine, geared magnetic-clutch arrangement for the 
identical horsepower and speed at the tail shaft. 


PRESIDENT CARMAN’S ADDRESS 


(Continued from page 8 


Moral, the Political, and the Economie. 
follows: 


I briefly define them as 
The Moral Law: God’s Law, immutable, unchanging 
The Political Law: Man’s Law, continually changing 
The Economic Law: The Law resultant from the two others. 

These laws are coexisting. Their scientific application and 
operation is necessary, and to have an equilibrium all of them 
must function properly and in harmony, just as the various parts 
of a properly working machine must all function. There is a 
relationship existing between these laws just as definite as the 
proportional relationship existing between the elements that go 
to make up the strongest bar of steel, the parts of a completed 
machine, or the departments of a well-organized and successfully 
operating business. 

The Political and Economic Laws must conform to the Moral 
Law, it is the basic law—and only in this way will complete har- 
mony be secured. These three laws have all been and are in 
continuous operation but they fail to function as a unit, and their 
independent operation has produced the chaotic conditions ex- 
isting today. 

There has been much effort in the last decade to solve the prob- 
lems of so-called ‘Industrial Relations.” Many plans have been 
advanced and tried, and while there has been some improvement, 
nevertheless these plans have fallen far short of their goal. Let 
me lay special stress on this fact, for any effort and endeavor is 
predestined to failure unless its fundamental principle conforms 
to each and all of these laws. The world has been asking for 
thousands of years, “Am I my brother’s keeper.” The answer 
comes back through the ages, “Yes,” “‘Love thy neighbor as thyself.” 


1 See the Sperryscope, vol. 2, no. 9. 


GEARED 


past, 
the forces and materials of nature and human efforts into 
ComM- 4 composite, yet unified and synchronized unit of pro- 
duction, operating with satisfaction to the worker, to 
the capitalist, and for the benefit of all mankind. 


DISCUSSION OF THE POWER WASTE 
SESSION 


Continued from page 26 


i 


higher steam pressures and temperatures, said that the ideal in 
station design and operation was the lowest cost of current consis- 
tent with reliability. Until the price of coal is much higher, 
steam pressures will remain practically as at present. The study 
of the heat balance problem with respect to varying load factor, 
as emphasized by Mr. Pigott, was important, he said, and in select- 
ing the Colfax system one was chosen which appeared to be the 
most flexible, most reliable, and to cover the greatest variety of 
operating conditions. In reply to a statement that control of 
duplex drive auxiliaries was difficult, he said that this was not so 
if proper attention were paid to the units. The cuestion of re- 
peating the existing installation, raised by Mr. Scott, was being 
answered at the Colfax Station by a duplication of the original 
system of heat unit which is 
put in. 

C. Harold Berry said that the figures in his paper were for an 
assumed rather than an actual case, the object being to define 
the problem, rather than to solve it. It would be interesting, as 
Mr. Pigott had pointed out, to make such an investigation for 
varying load factors. The question of duplicating the existing 
equipment at Conners Creek was answered by the present efforts 
to change auxiliaries to a direct-current drive for better speed 
regulation, and the probable installation in the future of econo- 
mizers. 

J. H. L 


of storing 


balance in a second now being 


awrence pointed out the impossibility, in New York, 
a sufficient quantity of fuel oil for such a station as 
He had never known of trouble with duplex 


that at Hell Gate. 
drive. 

In answer to a statement made by Mr. Pope about the danger of 
overspeeding a turbine at light loads when receiving low-pressure 
steam in the lower stages, he explained that such connections to 
turbines in the Hell Gate plant were designed to close with the 
closing of the main steam valve and prevent over-speeding. 
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HE ENGINEERING INDEX presents each month, in conveniently classified form, items descriptive of the articles appearing in 


the current issues of the world’s engineering and scientific press of particular interest to mechanical engineers 


At the end of the 


year the monthly installments are combined along with items dealing with civil, electrical mining and other branches of engineering, and 


published in book form, this annual volume having regularly appeared since 1906 


In the preparation of the Index by the engineering 


staff of The American Society of Mechanical Engineers some 1200 technical publications received by the Engineering Societies Library 


(Neu York) are regularly reviewed, thus bringing the great resources of that library to the entire engineering profession 


Photostatic copies (white printing on a black background) of any of the articles listed in the Index may be obtained at a price of 2 


cents per page, plus postage 


sized pages will be photographed together on the same print 


£2 
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The bill will be mailed with the print 
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New York 
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ANEMOMETERS 


Testing. Measurement of Air Velocities and the 
Testing of Anemometers, James Cooper. Iron 
& Coal Trades Rev., vol. 103, no. 2798, Oct. 14, 1921, 
p. 540. Discusses results obtained with a testing 
anemometer table based on that designed by H. 
Briggs many years ago and which is claimed to work 
perfectly. 


ASH HANDLING 


Conveyor. A New Ash Handling Conveyor. Eng. 
& Indus. Management, vol. 6, no. 16, Oct. 20, 1921, 
pp. 449-450, 4 figs. Describes system developed 
by Underfeed Stoker Co., Ltd., London. 


AUTOMOBILE ENGINES 

Cylinders. How Ford Cylinder Blocks are Cast, 
Pat Dwyer. Foundry, vol. 49, no. 19, Oct. 1, 1921, 
pp. 751-758, 7 figs. New River Rouge plant oper- 
ated on continuous production principle; to make 
castings for 8,000 cars per day. Description of 
making cores, molds, pouring castings, melting 
equipment, etc. 

Eight-Cylinder. Engines with Eight Cylinders in 
Line (Le Moteur a huit cylindres en ligne), A. 
Contet. La Vie Automobile, vol. 17, no. 738, Sept. 
25, 1921, pp. 335-339, 12 figs Discusses variations 
of eight-cylinder crs ankshg afts and describes Panhard, 
Fraschini and other eight-cylinder engines. 

Light-Metal. Recent Experiences with Light Metals 
in High-Speed Engines (Neue Erfahrungen mit 
Leichtmetallen in schnellaufenden Motoren), H. v. 
Selve. Zeit. fiir Metallkunde, vol. 13, no. 10, 
July 1921, pp. 316-318, 7 figs. Based on tests and 
experiences, writer strongly recommends increased 
use of aluminum and magnesium alloys in automobile 
construction and gives comparative data on weight, 
strength and expansion of aluminum castings and 
aluminum sheet pistons and magnesium pistons, 
as well as of connecting rods of steel and magnesium 

Rotary-Valve. A New Rotary Valve Engine. Auto 
motive Industiies, vol. 45, no. 22, Dec. 1, 1921, 
pp. 1065-1066, 3 figs. Chief advantage claimed is 
that of absolutely silent operation. Absence of valves 
and tappet rods at side of cylinder block allows loca- 
tion of accessories close to cylinders and a consequent 
narrow engine. 

{See also CARBURETORS; 
CRANKCASES. } 

AUTOMOBILE FUELS 

Coke. Coke As a Fuel for Commercial Vehicles, 
Thomas Clarkson. Engineering, vol. 112, no. 2912, 
Oct. 21, 1921, pp. 579-580. Points out that when 
coke is used as motor fuel, either for raising steam or 
making gas, cost of transport may be very consider- 
ably reduced as compared with gasoline motor. 
Paper read before Instn. Automobile Engrs. 

Condensation Temperatures. Condensation Tem- 
peratures of Gasoline- and Kerosene-Air Mixtures, 
Robert E. Wilson and D. P. Barnard. Jl. Indus. 
& Eng. Chem., vol. 13, no. 10, Oct. 1921, pp. 906 
912, 12 figs. Describes a simple and reliable method 
for determining initial condensation temperature of 
fuels from air-fuel mixtures, an approximate method 
for determining temperatures of partial condensation 
in air-fuel mixtures, etc. 

Kerosene. The Use of Kerosene. in Automobile 
Engines (L’Emploi des pétroles lampants dans les 
moteurs d’automobiles), A. Grebel. Memoirs et 
Compte Rendu des Travaux de la Société des In- 
genieurs Civils de France, vol. 74, no. 4—5—6, April- 
June 1921, pp. 250-269. Holds that it is not so 
much a question of carburization and carburetors, 
but of the engines, cycles, and manner of regulation. 
Tables of liquid fuels and their properties. 

Total Heat Content. The Total Sensible Heats of 
Motor Fuels and Their Mixtures with Air, Robert 
E. Wilson and D. P. Barnard. Jl. Indus. & Eng. 
Chem., vol. 13, no. 10, Oct. 1921, pp. 912-915, 5 figs. 
Describes approximate methods in determining the 
total sensible heat content of Socony motor gasoline 
and kerosene and their mixtures with air at tempera- 
tures up to 500 deg. cent. 


AUTOMOBILES 


Camshafts. Manufacture of Accurate Camshafts, 
Edward K. Hammond. Machy. (N. Y.), vol. 
28, no. 3, Nov. 1921, pp. 175-180, 8 figs. partly on 
p. 181. Describes important operations, and gives 
complete tabulated data on manufacturing pro- 
cedure in making camshafts in Lincoln Motor Co.'s 
plant. 

Declutcher, Automatic. Automatic Declutcher 
Introduced at Paris Show. Automotive Industries, 
vol. 45, no. 19, Nov. 10, 1921, p. 922, 3 figs. Gear 
shifting accomplished by taking foot off accelerator 
pedal and waiting until engine slows down to point 
where it is sure to be uncoupled by new device. 
Gear lever is then shifted without disengaging 
friction clutch. 

Delage. A New 11 Hp. Delage. Autocar, vol. 47, 
no. 1353, Sept. 24, 1921, pp. 533-535, 7 figs. Four 
cylinder monobloc, 72 X 130 mm.; electric 
lighting and starting; four-speed gear; four-wheel 
braking system. 

Duesenberg. New Duesenberg Reflects Experience 
Gained with Racing Cars, J. Edward Schipper. 
Automotive Industries, vol. 45, no. 18, Nov. 3, 1921, 
pp. 854-857, 5 figs. Equipped with eight-in- -line 
engine, four-wheel brakes, overhead camshaft, and 
tubular connecting rods; high-pressure oiling, ‘semi- 
elliptical springs. 

Electric, Suspension. Eliminating Vibrations and 
Shocks in Electric Motor Vehicles (Come eliminare i 
danni delle vibrazioni e degli urt nei veicoli auto- 
motori elettrici), Gino Turrinelli. L’Elettrotecnica, 
vol. 8, no. 26, Sept. 25, 1921, pp. 581-584, 11 figs. 
Discusses methods of suspension and describes 
new system of suspension. 


CLUTCHES; 


MECHANICAL ENGINEERING 


Fiat. The 10 Hp. Fiat (La 10 Hp. Fiat), A. Contet. 
La Vie Automobile, vol. 17, no. 737, Sept. 10, 1921, 
pp. 307-311, 15 figs. Discusses chassis, engines 
(four- and six-cylinder monobloc), speed control, etc. 

Gear Release. Automatic Gear-Release (L’Auto 
débrayage T. L.), G. Lienhard. La Vie Automobile, 
vol. 17, no. 738, Sept. 25, 1921, pp. 354-358, 12 figs 
Describes the T. L. device, consisting of a wheel with 
a helicoidal rim, similar to the free wheel of bicyles, 
placed between engine and transmission gear. 

German. New German Car Has Novel Design 
Features, Benno R. Dierfeld. Automotive  In- 
dustries, vol. 45, no. 15, Oct. 13, 1921, pp. 703-706, 
5 figs. Clutch design of this 30-hp. Protos is entirely 
new; unusual method of locking gears in position; 
cylinder block is excellent example of German 
engineering and foundry practice; no control hand 
levers on steering wheel; four-cylinder engine used. 

Haynes. Longer Wheelbase and Larger Engine in 
New Haynes, J. Edward Schipper. Automotive 
Industries, vol. 45, no. 16, Oct. 20, 1921, pp. 764-766, 
6 figs. New model “75” has 132-in. wheelbase and 
299-cu. in. engine with block-cast cylinders, in- 
clined valves, chain distribution, three-piece separate 
head, aluminum crankcase and hollow-shaft lubri- 
cation. 

Improvements. Improvements in Automobile Man- 
ufacture (Neue Wege im Automobilbau), Otto 
Schwager. Motorwagen, vol. 24, nos. 26 and 27 
Sept. 20 and 30, 1921, pp. 565-566 and 579-591, 
15 figs. New Rumpler car with drop-pearl-shaped 
(streamline) frame and body based oa experiences in 
airplane construction. The gearless Maybach car 
The Atlantic two-seated cycle car. 

Mack A B Chassis. Mack Chassis Now Adapted for 
Use as Rail Cars, Herbert Chase. Automotive 
Industries, vol. 45, no. 19, Nov. 10, 1921, pp. 918 
921, 6 figs. Vehicles used for railway work have 
special axles, wheels and reverse gears, but most other 
parts of the chassis are identical with those used in 
standard Mack trucks. Special bodies seat from 
25 to 35 passengers. 


Pierce-Arrow Repair Service. Automotive Service 
Methods and Equipment Howard Campbell 
Am. Mach., vol. 55, no. 20, Nov. 17, 1921, pp. 789 
791, 7 figs. Tools used in remachining Pierce- 
Arrow transportation units. Reboring fixtures. 
Valve-spring tester. Welding and remilling axle 
shafts. 

Renault 40-Hp. Testing a 40-Hp. Renault Auto- 
mobile (Essai d'une Voiture Renault 40 chevaux), 
H. Petit. La Vie Automobile, vol. 17, no. 738, 
Sept. 25, 1921, pp. 340-346, 16 figs. Test data and 
description of engine (6-cylinder), transmission 
gear, chassis, etc. 

Rumpler. A German Passenger Car of Radical 
Design. Automotive Industries, vol. 45, no. 17, 
Oct. 27, 1921, pp. 812-816, 12 figs. Describes 
Rumpler streamline car. Engine is aft and every 
possible obstacle on streamline body is removed 
to minimize air resistance. 

Rumpler’s New Automobile (Der neue Kraft 
wagen von Dr. Ing. Rumpler), A. Heller. Zeit. 
des Vereines deutscher Ingenieure, vol. 65, no. 39, 
Sept. 24, 1921, pp. 1011-1015, 11 figs. Special 
feature is its rear-axle drive with which only the 
compensating shafts oscillate and all joints are 
eliminated. Due to location of entire drive in rear 
a favorable form could be developed with regard to 
air resistance. 

Stevens-Duryea Stevens-Duryea Producing High 
Grade Six, Herbert Chase. Automotive Industries, 
vol, 45, no. 22, Dec. 1, 1921, pp. 1061-1064, 7 figs. 
Describes changes made in chassis and Model E 
power plant, and gives details of construction. 

Sunbeam 4-Seater. A New 2-Litre Sunbeam. 
Autocar, vol. 47, no. 1355, Oct. 8, 1921, pp 624 627, 
13 figs. Four-seater, 14-hp., four-cylinder 72 X 1: 20 
mm., overhead valves, aluminum cylinder blocks. 

Suspension. The Suspension of Vehicles (Remarques 
sur la suspension des véhicules), r’ Lemaire. La 
Technique Moderne, vol. 13, no. 1, Jan. 1921, pp. 
7-11, 2 figs Discusses AS. BE of shocks by 
wheels, comfortable and uncomfortable speeds, 
elastic constants of springs. 

See also Electric, Suspension. 

Wills Sainte Claire. Wills Sainte Claire Car Has 
Engine of Original Design, J. Edward Schipper. 
Automotive Industries, vol. 45, no. 19, Nov. 10, 
1921, pp. 912-917, 8 figs. Eight-cylinder solid- 
head engine, overhead camshaft drive. Describes 
cooling system, oil circuit, etc. Gives specifications. 
65 b.hp. at 2700 r.p.m. maximum. 

Wolseley 7-Hp. A New 7-Hp. Wolseley. Autocar, 
vol. 47, no. 1353, Sept. 24, 1921, pp. 541-543, 9 figs 
Water-cooled horizontally opposed twin, 82 K 92 mm. 
three-speed and reverse gear. 

AVIATION 

Air Harbors. Canadian Airharbors. Aviation, vol 
11, nos. 16 and 17, Oct. 17 and 24, 1921, pp. 448-450 
and 481-482, 1 fig. Detailed description of each; 
markings for air harbors; the part of Canadian Air 
Regulations which provides for licensing of air 
harbors. 





B 
BALLOONS 


Captive, Winding Machinery for. Winches for 
Captive Balloons (Les treuils de ballon captif), 
Léon Chollet. L’Aeronautique, vol. 3, nos. 27 and 
28, August and Sept. 1921, pp. 316-319 and 377-380, 
6 figs. Aug.: Describes various cars or trucks 
driven by steam or gasoline. Sept.: Discusses 


Vou. 44, No. 


power of engine, speed of bringing down the balloon, 
winding cable, etc 


BEAMS 


Continuous. Calculations for Continuous Beams 
with Third-Point Loading, Ewart S. Andrews 
Concrete & Constructional Eng., vol. 16, no. 10, 
Oct. 1921, pp. 647-654, 5 fizs Deals with beams 
continuous over three spans 

Maximum Bending-moment Diagrams for Con- 
tinuous Beams, C. S. Gray. Mech. World, vol 
70, no. 1813, Sept. 30, 1921, pp. 266-267, 7 figs 
Discusses Clapeyron’s theorem of three moments 

Curved. Bending Lines of Curved Beams (Biegungs- 
linien ringférmiger Trager), Friedrich Diisterbehn 
Eisenbau, vol. 12, no. 10, Oct. 11, 1921, pp. 249-264, 

figs. Bending lines are developed for deformation 
of curved beams 

Sections. The Graphics of Beam and Girder Sections 
Alan Pollard Machinery (Lond.), vol. 19, no. 473, 
Oct. 20, 1921, pp. 63-66, 4 figs. Method for deter- 
mining the centroid, moment of inertia, swing 
radius, and moduli for any shape of section on draw- 
ing board 


BEARING METALS 


Properties. What Metals Serve Best in Bearings? 
Bruno Simmersbach Raw Material, vol. 4, no 
9, Sept. 1921, pp. 316-320. Relation between 
physical-chemical properties of bearing alloys and 
their ability to live under strenuous duty From 
Chemiker Zeitung 


BEARINGS, BALL 


ow and. Anti-Friction Bearings in the Steel Mill, 

M. MacCutcheon Blast Furnace & Steel Plant, 

~F 9, no. 10, Oct. 1921, pp. 600-607, 13 figs. Dis- 

cusses ball and roller bearings, their manufacture, 

mounting and selection Advantages and disad 

vantages of anti-friction bearings Abstract.) 
Paper read before Iron & Steel Elec. Engrs 


BEARINGS, ROLLER 


Tangential Load. Experiments with Roller Bear 
ings Under Tangential Load (Undersékningar rér 
ande rullning under tangentialkraft), Arvid Palm- 
gren. Teknisk Tidskrift (Mekanik), vol. 51, no. 9, 
Sept. 14, 1921, pp. 129-132, 8 figs. Discusses 
results of tests made in the S. K. F. laboratory. 


BELTING 


Cellulose. Tests with Cellulose Driving Belts 
(Versuche mit Zellstofftreibriemen), H. Rudeloff 
Zeit. des Vereines deutscher Ingenieure, vol. 65, 
no. 40, Oct. 1, 1921, pp. 1041-1044, 4 figs. Account 
of tests to determine strength of paper composed 
of equal parts of soda and sulphite cellulose in the 
different stages of manufacture, for purpose of as 
certaining degree to which strength of cellulose 
employed in yarns, textures and belts is utilized 


Rubber. Getting the Maximum Service in Rubber 
Transmission Belting, James B. McPherson. Chem. 
& Eng. News, vol. 33, no. 10, Oct. 1921, pp. 29-30 
Writer advises securing maximum coefficient of 
friction, maximum arc of contact practicable, 
avoiding excessive tension, reckless use of dressings, 
and careless fastenings 


BLAST-FURNACE GAS 


Steam Power from. Steam Power from Blast- 
Furnace Gas, Gordon Fox and F. H. Willcox. 
Power, vol. 54, no. 20, Nov. 15, 1921, pp. 706-709, 
3 figs. Résumé on utilization of blast-furnace gas 
for steam making and development in burning gas 
alone or in combination with other fuels. Typical 
data are given as to amount of gas available and 

variation in supply Importance of cleaning gas is 
emphasized, numerous recent installations ace cited 
and developments in design summarized 


BLAST FURNACES 


High Top Heat. Causes of High Top Heat in the 
Blast Furnace, Wallace G. Imhof. Chem. & Met 
Eng., vol. 25, no. 16, Oct. 19, 1921, pp. 737-740, 
Charts recording temperature of waste gases are of 
value in controlling furnace operations, indicating 
especially clearly exact time whe. charging is done 
and if charge is alternately hang.ng and slipping. 

Pennsylvania. New Blast Furrace of the Crane 
Iron Works Modernizes Plant at Catasauqua, Pa., 
Richard Peters, Jr Blast Furnace & Steel Plant, 
vol. 9, no. 10, Oct. 1921, pp. 577-480, 4 figs. Details 
of improvements in new blast furnace. 

600-Ton. New 600-Ton Blast Furnace Plant. Blast 
Furnace & Steel Plant, vol. 9, no. 10, Oct. 1921, pp 
588-597, 11 figs. Trumbull-Cliffs Furnace Company 
new plant at Warren, Ohio, now completed Many 
interesting features constructed in this plant. 
Record time made on construction work. 


BLOWERS 


Propeller Type. Propeller Blowers for Forced- 
Draft Furnaces (Propellergeblise fiir Unterwind- 
feuerungen), Werner Miiller. Zeit. fiir Dampfkessel 
u. Maschinenbetrieb, vol. 44, no. 36, Sept. 9, 1921, 
pp. 281-284, 12 figs. Details ‘of the Foge propeller 
blower based on design of airplane propellers. 
Discusses shape of propeller and housing, speed, 
power consumption and efficiency. Installation 
in forced-draft furnaces. 


BOILER FEEDWATER 


Concentration, Control of. Priming and Control 
of Boiler Water Concentration, Geo. C. Cook. 
Power Plant Eng., vol. 25, no. 20, Oct. 15, S021: 
pp. 986-988. Discusses limit of impurities in feed- 
water and methods of controllng degree of con- 
centration. 


BOILER FIRING 
Fuel Saving in. Fuel Saving in Relation to Capital 





Necessary, Joseph Harrington. Mech. Eng., vol. 43, 
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JANUARY, 1922 


no. 11, Nov. 1921, pp. 725-726, 2 figs. Investigation 
shows economy resulting from use of efficiency 
equipment Concrete illustrations given in support 
of theory discussed (Abstract.) 

Refined Fuel. Practical Experiences in Boiler Firing 
with Refined Fuels (Praktische Erfahrungen im 
Dampfkesselbetrieb mit veredelten Brennstoffen), 
H. Morgner. Zeit. fiir Dampfkessel u. Maschinen- 
betrieb, vol. 44, no. 33, Aug. 19, 1921, pp. 257-259 
Notes on use of pulverized coal, and mixtures of 
anthracite and lignite 


BOILER PLANTS 


oe Operation. Boiler-Plant Efficiency, Victor 
Azbe Mech. Eng., vol. 43, no. 11, Nov. 1921, 

a 722-724 and 726, 5 figs Usual wastes in boiler 
plants are brought out by means of tables and curves 
of boiler performance compiled from large number of 
observations Shows to what extent these wastes 
are preventable or can be made to balance each other 
and recommends standard for boiler operation toward 
which designers and operators may aim Require 
ments of ideal boiler installation are summar- 
ized 

Oil-Burning. High-Pressure Oil-Burning Installa- 
tion Power, vol. 54, no. 17, Oct. 25, 1921, pp 
22-624, 5 figs Boiler plant of Fall River Electric 
Light Co. converted from coal to oil burning 

Wimbledon Electrical Works. The New Boiler 
House Plant at Wimbledon Electricity Works 
Eng. & Indus. Management, vol. 6, no. 15, Oct. 13, 
1921, pp. 402-403, 1 fig Consists of two Spearing 
horizontal water-tube boilers, cach having actual 
evaporative capacity of 25,000 Ib. per hr. with over- 
load capacity for 8 hr. of 25 per cent above full load 
Details of drive and feed pump 


BOILERS 


Design and Settings. Boiler Equipment at River 
Rouge Plant of the Ford Motor Company, George 
Ladd Proc. Engineers’ Soc. of Western Pa 
vol. 37, no. 3, April 1921, pp. 115-148 and (dis- 
cussion) 149-157, 17 figs Discusses design of boilers 
and settings. Discussion of powdered coal equip- 
ment and superheater equipment by H. D. Savage 
and J. R. Le Vally, respectively 
Flanging Methods. Special Methods of Boiler 
Flanging, George A. Richardson Boiler Maker, 
vol. 21, no. 10, Oct. 1921, pp. 281-283, 8 figs Hand 
flanging and sectional presses used for irregular 
shapes in boiler and tank fabrication 


BOILERS, WATER-TUBE 


Advantages. The Advantages of Water Tube 
Boilers, James Kemnal Mar. Eng. of Can, vol 
11, no. 9, Sept. 1921, pp. 22-23 Describes various 
cases where cylindrical boilers were replaced by water 
tube boilers 


BONUS SYSTEMS 


Practical Application. Practical Application of the 
Bonus System for Increased Production (Della 
practica applicazione del sistema del premio di 
maggior produzione nelle officine del materiale 
fisso di Pontassieve), Giorgio Lasz Rivista Tec- 
nica delle Ferrovie Italiane, vol. 22, no. 2, Aug. 15, 
1921, pp. 66-70. Describes experience with Rowan 
piece work system at an Italian railroad shop 


BRAKES 


Air, Westinghouse. New Tests of the Westinghouse 
Continuous Air Brake (Nouveaux essais du frein 
continu systéme ‘‘Westinghouse’’), M. Téte Revue 
Générale des Chemins de Fer et des Tramways, 
vol. 40, no. 7, July 1921, pp. 22—50, 8 figs. Results of 
tests in France by commission appointed by Minister 
of Public Works are entirely satisfactory. 

Automotive Engine. Motor Brakes (Motorbrem- 
sen), C. Wirsum. Motorwagen, vol. 24, no. 27, 
Sept. 30, 1921, pp. 600-605, 12 figs. Investigations 
of the braking effect of automotive engines and 
recommendations for design. Results of tests with 
Saurer brakes 


BRASS FOUNDRIES 


Cast Ingots. The Casting of Brass Ingots, R 
Genders. Metal Industry (Lond.), vol. 19, no. 14, 
Sept. 30, 1921, pp. 261-262, 2 figs Describes 
experiments carried out to minimize occurrence of 
non-metallic inclusions 


BRONZES 


Antimony, Influence of. The Influence of Anti- 
mony in Bronze (Der Einfluss des Antimons im 
Rotguss), J. Czochralski. Zeit. fiir Metallkunde, 
vol. 13, no 9. June 1921, pp. 276-281, 8 figs. In- 
vestigation of influence of antimony additions up 
to 3 per cent on mechanical properties of bronze 
with and without lead. It is shown that with 
antimony content up to 0.3 per cent with 5 per cent 
lead content the treatment and casting of bronze is 
favorably influenced. 

Arsenic, Influence of. The Influence of Arsenic in 
Bronze (Der Einfluss des Arsens im Rotguss), 
J. Czochralski. Zeit. fiir Metallkunde, vol. 13, 
no. 11, Aug. 1921, pp. 380-383, 10 figs. Investiga- 
tion of influence of additions of up to 2 per cent of 
arsenic on mechanical properties of bronze with and 
without lead. It is shown that with arsenic content 
of up to 3 per cent with 5 per cent lead content the 
casting of bronze is favorably influenced. 


Cold-Drawing, Effect of. The Effect of Progressive 
Cold-Drawing Upon Some of the Physical Properties 
of Low-Tin Bronze, W. E. Alkins and W. Cartwright. 
Metal Industry (Lond.), vol. 19, no. 15, Oct. 7, 
1921, pp. 280-285 and (discussion) p. 286, 7 figs. 
Gives results of experiments showing variation during 
cold-drawing of the three properties: tensile strength, 
specific volume and scleroscope hardness. Describes 
characteristics of individual curves. Paper read 
before Inst. of Metals. 


MECHANICAL ENGINEERING 


Cc 

A 

CABLES, HOISTING 

Metal. Metal Cables For Winding Engine Les 
cables d'extraction metalliques rond M. Durnerin 
Révue de l' Industrie Minérale, no. 18, Sept. 15, 1921 
pp. 579 599, 5 figs Discusses construction, choice 
of steels, effect of torsion, elasticity of cables and 
its parts, calculation of cross-sections, and describes 
a patented automati 
life of cabl 


CAR LIGHTING 


“anti-torsion”’ which increases 


Gas and Electric Railway Car Lighting, George I 
Hulse. Trans. Iluminating Eng. So vol. 16, no 
5, July 20, 1921, pp. 99-110 and (discussion) 110-116 
Discusses gas and electric lighting, reflector and 
glassware 

CAR SHOPS 

Equipment. Kanchrapara Carriags und Wagon 
Works, Eastern Bengal Railway Ry. Gaz., vol. 35 
no. 17, Oct. 21, 1921, pp. 598-600, 12 figs., partly 


on pp. 601-604 A scientifically designed layout 
together with up-to-date machine, et: equipment 
combine to make Kanchrapara works of special 
interest 


CARS 


Couplers. Measures for the Solution of the Coupling 
Problem for Main and Narrow-Gage Line Massnah 
men zur Lésung der Kupplungsfrage fiir Haupt 
und Kleinbahnen), H. Scharfenberg Glasers An 
nalen, vol. 89, nos. 3 and 4, Aug. 1 and 15, 1921 
pp. 27-32 and 37-42 and (discussion) pp. 42-44, 
19 figs. Discusses development and different coup- 
ling systems Address before German Mech. Eng 
Soc 

Dining. Great Northern Train Service Between 
London and West Riding of Yorkshire Ry. Gaz. 
vol. 35, no. 17, Oct. 21, 1921, pp. 607-610, 9 figs 
partly on pp. 605-606 Describes new rolling stock 
built on twin bogie principle, with an articulated 
dining car train, embodying various improvements 
including electric cooking 

Pressed Metal Parts. The Use of Pressed Parts in 
Car and Locomotive Construction (Die Verwendung 
von Pressteilen im Waggon- und Lokomotivbau), 
W. Loewe Glasers Annalen, vol. 89, no. 3, Aug. 1 
1921, pp. 32-36, 12 figs Describes production of 
pressed metal parts and Suggests means of overcom 
ing difficulties in connection with their adoption 
Among their advantages over cast parts are men 
tioned, greater safety, elimination of use of copper 
and adaptability to standardization 


CARS, PASSENGER 

Design. On the Question of Passenger Carriages 
E. Biard Bulletin International Ry. Assn., vol 
3, no. 9, Sept. 1921, pp. 1205-1274 Discusses 
safety and comfort, types of construction and general 
design of carriages, component parts, chief devices 
and various accessories of underframe and body. 
Appendixes 


CARS, REFRIGERATOR 


Milk Tanks, Use of. The Use of Car Tanks for 
Transporting Milk Ry. Rev., vol. 79, no. 17, Oct 
22, 1921, pp. 543-544, 2 figs. Describes equipment 
of B. & ©. R.R. for transporting milk in bulk in 
refrigerator cars fitted with glass-lined tanks 


CARBURETORS 


Kerosene. Carburetors for Kerosene (Les Carbura 
teurs a Pétrole), A. Mariage Memoirs et Compte 
Rendu des Travaux de la Société des Ingenieurs 
Civils de France, vol. 74, no. 4-5-6, April-June 1921 
pp. 279-290, 3 figs. Expresses the views of Com- 
pagnie Générale des Omnibus of Paris and gives 
results of their experiments 


CASTING 


Centrifugal. Control of Centrifugal Casting by 
Calculation, Robert F. Wood. Mech. Eng., vol 
43, no. 11, Nov. 1921, pp. 727-728 and 730, 2 figs 
Analyzes controlling factors, with view first of setting 
down definite mathematical relations between them, 
and secondly so expressing these relations as to make 
them useful both in design and operation of machines 
for casting. (Abstract.) 

Melts Metal For Pipe in the Mold, E. C. Kreutz- 
berg. Foundry, vol. 49, no. 19, Oct. 1, 1921, pp 
772-774, 6 figs. Centrifugal casting process de- 
veloped by L. Cammen uses an electrically heated 


mold Aluminum tubing made by this process which 
will be developed for casting steel 
CASTINGS 


Molds, Plaster. Permanent Molds, Edward D 
Gleason Metal Industry (N. Y.), vol. 19, no. 10, 
Oct. 1921, pp. 391-393. Description of methods of 
making plaster molds for finished castings to elim- 
inate machining operations. 

Non-Ferrous. Producing Small Nonferrous Castings, 
Raymond H. Sullivan. Can. Foundryman, vol 
12, no. 10, Oct. 1921, pp. 30-32, 2 figs. Discusses 
daily production of a large number of small duplicate 
castings and method adopted. Paper read at Foun- 
drymen's Convention. 


CENTRAL STATIONS 


Blackburn, England. New Electricity Generating 
Station at Blackburn. Engineer, vol. 132, no. 3434, 
Oct. 21, 1921, pp. 416-420, 8 figs. Station contains 
two turbo-alternators, each of 10,000 kw. capacity. 
Details of coal- and ash-handling plant; boiler 
plant; cooling towers; switchgear, transformers, etc. 

Cotton Industry. Value of Central Station Service 
in the Cotton Industry, F. E. Sawyer and H. E. 
Duren. Nat. Elec. Light Assn. Bul., vol. 8, no. 10, 


Oct. 1921, pp. 586-590 Describe SON mills that 
have changed from own power production to pur 
chased power and its advantages 


CHAIN DRIVE 


Silent. The Application and Manufacture of Silent 
Chain, J. Edward Schipper Automotive Industries 
vol, 45, no. 16, Oct. 20, 1921, pp. 773-778, 18 figs 
Manufacture of chain parts, their assembly and 
inspection, is outlined 


CHROMIUM STEEL 
Bibliography. A _ Bibliography and Abstract of 


Chromium Steels, F. P. Zimmerli Chem. & Met 
Eng., vol. 25, no. 18, Nov. 2, 1921, pp. 837-843 
Chronological arrangement of some of the principal 
papers on chromium and chromium alloy steel 
published during the period 1798 to 1919, with brief 
summary of their scope 


CLUTCHES 


Manufacture and Assembly. The Manufacture 
and Assembly of a Cork Insert Disk Clutch, ] 
Edward Schipper Automotive Industries, vol. 45 
no. 17, Oct. 27, 1921, pp. 823-826, 13 figs Descrip 
tion of machining and assembly operations on Hud 
son and Essex clutches 


COAL HANDLING 


Screening and Loading Installation. Screening 
and Loading Installation of the Boekit-Asem An 
thracite Mine at Tandjoeng in Sumatra (Kolenzeef 
en laadinrichting voor de Boekit-Asem-steenkolen 
mignen te Tandjoeng op Sumatra), A. Guyot Van 
Der Ham Ingenieur, vol. 36, no. 39, Sept. 24, 1921 
pp. 772-774, 3 figs Constructed by Baum Machine 
Work Herne, Westfalia Details of arrangement 


and equipment 
COKE 


Uses. Production, Distribution, and Uses of Coke 
E. W. L. Nicol Gas J1., vol. 156, no. 3047, Oct. 5 
1921, pp. 37-38 Discusses use of coke as fuel and 
adapting boiler furnaces to coke See also Iron & 
Coal Trades Rev., vol. 103, no. 2796 Sept. 30, 1921 
p. 471 


COMBUSTION 

Equations. Combustion Equations (Die Gleichungen 
des Verbrennungsvorganges k Mollier Zeit 
des Vereines deutscher Ingenieure, vol. 65, no. 42 
Oct. 15, 1921, pp. 1095-1096. The stoichiometrical 


ratios for incomplete combustion are developed 

High-Pressure. Gaseous Combustion at High 
Pressures—II, William Arthur Bone and William 
Arthur Haward Proc. Roy. Soc., vol. 100, no. A 
702, Oct. 4, 1921, pp. 67-84, 7 figs. Further ex 
periments to determine a direct relation between the 
actual rate at which potential energy is transferred 
on explosion as sensible heat to its products and the 
magnitude of chemical affinity between its com- 
bining constituents 

Initial Temperatures. Initial Temperatures with 
Heated Combustion Air (Ueber Anfangstempera- 
turen mit erhitzter Verbrennungsluft), Otto H 
Binder. Feuerungstechnik, vol. 9, no. 23, Sept. 1, 
1921, pp. 219-220, 1 fig. Presents formula used by 
author for calculation of initial temperatures 


CONDENSERS, STEAM 


New Type High-Efficiency. Steam-Condensing 
Plants, Paul A. Bancel Mech. Eng., vol. 43, no. 11, 
Nov. 1921, pp. 711-716 and 758, 14 figs. Detailed 
consideration of fixed and operating charges in sur- 
face-condenser installations, and description of 
new type of high-efficiency condenser. 


CONVEYORS 


Pulverized Materials. Pulverized-Material Con 
veyor System Power, vol. 54, no. 17, Oct. 25 
1921, pp. 628-629, 4 figs Describes the Fuller 
Kinyon conveying system for pulverized material, 
comprising a power-driven pump, function of which 
is to start the mass in motion; source of compressed- 
air supply and a pipe through which material flows. 

Types. Mechanical Handling and Conveying of 
Materials, Richard P. Terry. Mech. World, vol 
70, nos. 1814 and 1815, Oct. 7 and 14,1921, pp 
293-294 and 301-302. Oct. 7 Discusses bucket 
elevators and worm or Archimedean screw con- 
veyors. Oct. 14: Discusses band, Zimmer, gravity 
and pneumatic conveyors Paper rezd_ before 
Belfast Assn. of Engrs 


[See also ASH HANDLING, Conveyor 


COOLING TOWERS 


Investigation. Investigation of Chimney Cooling 
Towers (Die Beurteilung von Kaminkihlern) 
Kurt enmene Zeit. des Vereines deutscher In 
genieure, vol. 65, no. 41, Oct. 8, 1921, pp. 1070-1074 
3 figs. Thermody namic investigation of phenomena 
occurring in chimney cooling towers. Equation is 
derived for determination of temperatures of the hot 
and recooled water dependent upon operating con- 
ditions. Gives results of tests on high-capacity cool 
ing towers in industrial operation. 


COPPER ALLOYS 


Cupro-Nickel. Manufacture of Cupro-Nickel, Her 
bert D. Swift. Metal Industry (N. Y.), vol. 19 
no. 10, Oct. 1921, pp. 394-395. Description of 
process going in regular order from casting to packing 


CORROSION 


Electrolytic. Electrolytic Corrosion of Lead Thal- 
lium Alloys, Colin G. Fink and Charles H. Eldridge 
Am. Electrochem. Soc., advance paper, no. 26, for 
meeting Sept. 29-Oct. 1, 1921, pp. >-344, 4 figs 
Shows that addition of thallium to lead alloys has 
been very effective in reducing anodic corrosion in 
acid copper sulphate electrolyte containing nitric 
and hydrochloric acids. 











is 


Heating System. Preventing Corrosion in Heating 
Systems, Perry West Domestic Eng. (Chicago), 
vol. 97, no. 2, Oct. 8, 1921, pp. 50-53 and 82-84, 4 
figs Describes deoxidizing and de-aerating methods. 


COST ACCOUNTING 


Classification of Surplus. Classification of Surplus, 
C. B. Couchman Il. of Accountancy, vol. 32, no. 4, 
Oct. 1921, pp. 265-278. Discusses various kinds of 
surpluses and their display in the accounts. Paper 
read before Am. Inst. of Accounts 

Uniform Mill Systems. Uniform Mill Cost Systems, 
C. Oliver Wellington. Paper, vol. 29, no. 6, Oct 
12, 1921, pp. 13-15. Discusses advantages of 
uniformity in cost accounting. 


COSTS 


Material, Recording. The Recording of Material 
Costs, E. W. Workman Eng. & Indus Manage- 
ment, vol. 6, no. 16, Oct. 20, 1921, pp. 426-427 
Describes method of dealing with material charges 
which has been found to work exceptionally well in 
large engineering firm using Hollerith system for 
dealing with its labor and overhead expenses 


CRANES 

Bridge.. New Type of Bridge Crane for Handling 
Sand and Gravel, W. A. Scott. Cem., Mill & Quarry, 
vol. 19, no. 8, Oct. 20, 1921, pp. 27-28, 2 figs. Has 
max. length of 184 ft.; clamshell bucket has capacity 
of 3 yd.; carriage speed, 800 ft. per min.; bucket 
speed, 200 ft 

Locomotive. Crane Operated on a Railroad Truck 
(Grue pivotante sur wagon a voie normale) Bulle- 
tin Technique de la Suisse ogee vol. 47, no. 20, 
Oct. 1, 1921, pp. 229-234, 3 figs. Carrying capacity 
of cranes 10-12 tons radius of action 6m. Trucks 
are of special construction 


CRANKCASES 


Malleable-Iron. Crank Cases Made of Malleable 
Iron. Foundry, vol. 49, no. 19, Oct. 1, 1921, pp 
762-766, 10 figs. An extensive series of experiments 
in molding and in subsequent heat treatment was 
required before castings were produced on a com- 
mercial basis 


CUTTING METALS 


Universal Oxygen-Jet. A Universal Oxygen-Jet 
Cutting Machine Eng. Production, vol. 3, no. 56, 
Oct. 27, 1921, pp. 395-397, 3 figs. Details and uses 
of machine by Godfrey Eng. Works, London 


D 


DIES 

Automobile Parts. Making Diesfor Forming Auto- 
mobile Parts, Richard Dale. Iron Age, vol. 108, no 
18, Nov. 3, 1921, pp. 1127-1129, 10 figs. Explains 
design and construction for manufacture of such 
articles as brake drums and step brackets 

Carburetor Bowl. Drawing Dies for Manufacturing 
a Carburetor Bowl, N . Thurston Machy. 
(NS Y.), vol. 28, no. 3, Nov. 1921, pp. 218-221, 11 
figs. Shows how substantial saving was effected by 
drawing and forming carburetor bowl on power 
presses. Describes successive operations. 

Self-Opening Dieheads. Making the Coventry 
Self-Opening Diehead. Am. Mach., vol. 55, no 
17, Oct. 27, 1921, pp. 678-681, 15 figs Materials 
tested in an up-to-date laboratory; parts inspected 
and sent to storeroom for reissue after each operation 
Work carried out in self-contained factory at Edg- 
wick, Coventry, England 

Shaving Tools. Notes on the Design of Shaving 
Tools, Hugo F. Pusep. Am. Mach., vol. 55, nos 
16 and 17, Oct. 20 and 27, 1921, pp. 624 626 and 
686-689, 18 figs. Second operation necessary to 
obtain accuracy of size and contour. Discusses 
three general classes of shaving tools. 

Wire-Drawing, Diamond. Diamond Dies for Wire 
Drawing, C. W. Busick. Am. Mach., vol. 55, no 
18, Nov. 3, 1921, pp. 703-705, 7 figs. How dies are 
lapped and tested for size. Automatic lapping 
machines for this work. 


DIESEL ENGINES 


Combustionin. Explosion and Internal-Combustion 
Engines (Moteurs a Explosion et a Combustion In- 
terne), F. Huard. Arts et Métiers, vol. 74, no. 11, 
August 1921, pp. 242-246, 2 figs. Discusses com- 
bustion in Diesel and semi-Diesel engines. (Con- 
cluded.) 

Marine. A New Nelseco Diesel Engine. Motorship, 
vol. 6, no. 10, Oct. 1921, pp. 798-801, 10 figs. De- 
tails of 600-b.hp. marine Diesel engine designed for 
electric and direct drives, built by New London 
Ship & Engine Co., Groton, Conn. Fuel con- 
sumption at 25 per cent overload is 0.42 Ib. per b.hp. 

Building Marine Diesel Engines. Eng. Produc- 
tion, vol. 3, nos. 53 and 54, Oct. 6 and 13, 1921, pp- 
321-325 and 349-352, 21 figs. Methods and equip- 
ment of the North British Diesel Engine Works, 
Ltd., at Glasgow, founded in 1913 for purpose of 
developing marine Diesel engine up to 12,000 hp 

The Marine Diesel Engine: Its Reliability in 
Service, Andrew J. Brown. Trans. Inst. Mar. 
Engrs., vol. 33, Sept. 1921, pp. 279-307 and (dis- 
cussion) 307-325, 7 figs. Discusses the various 
parts of engine from the standpoint of showing how 
reliability is ensured. 


Worthington Solid-Injection. The Worthington 
Solid-Injection Diesel. Power, vol. 54, no. 18, 
Nov. 1, 1921, pp. 675-677, 3 figs. Engine operating 
on Diesel cycle without air injection. Novel means 
employed to secure combustion at constant pressure 
with pump feed. 








MECHANICAL ENGINEERING 


DROP FORGING 

Modern Practice. Modern Drop-forging Practice, 
Fred R. Daniels Machy. (N. Y.), vol. 28, no. 3, 
Nov. 1921, pp. 213-217, 8 figs. Comparison of 
drop forgings and castings, and general methods of 
making them 


DYNAMOMETERS 
British Traction. A New British Traction Dynamom- 
eter Automotive Industries, vol 45, no. 18 


Nov. 3, 1921, pp. 860-861, 3 figs Description of 
recording instrument designed especially for use in 
tractor trials; registers drawbar pull, time, and dis- 
tance covered 

ELECTRIC DRIVE 

Fabric Printing Machines. Electric Drive for 
Fabric Printing Machines (Commande électrique 
des machines a imprimer les tissus), Louis Grosheintz 
La Technique Moderne, vol. 13, no. 2, Feb. 1921, 
pp. 71-74, 4 figs. Shows that dc. drive is most 
suitable 

Lumber Mills. Application of Electrical Energy in 
Lumber Mills, W. A. Scott Elec. Rev Chicago 
vol. 79, no. 19, Nov. 5, 1921, pp. 685-688, 6 figs 
Saws, conveyors and other units driven by belted and 
direct-connected motors; special requirements pe 


culiar to lumber industry; mill refuse as fuel to 
generate electric power 


ELECTRIC FURNACES 

Gray-Iron Castings. Gray Iron Castings from 
Electric Furnaces, Thomas Robson Hay Iron 
Age, vol. 108, no. 19, Nov. 10, 1921, pp. 1214-1215 
Present electric practice and advantages over 
older method. Comparative cost 

Induction. A New Electric Induction Furnace 
(Nouveau four électrique a induction), H. Vigneron 
La Nature, no. 2475, Sept. 10, 1921, pp. 163-165 
5 figs. Describes Northrup system and its appli 
cations 


Iron Industry. Electric Furnace Possibilities in the 


Western Iron Industry, R. C. Gosrow Jl. Elec 
tricity & Western Industry, vol. 47, no. 7, Oct. 1 
1921, pp. 265-266. Analysis of opportunities open 


to the electric furnace in the Western iron industry, 
with data on costs 


Repelling-Arc Type. Something New in Electric 
Furnaces, E. F. Cone. Sci. Am., vol. 125, no. 14 
Oct. 1, 1921, p. 229, 1 fig Describes repelling-arc 
type of furnace having a self-regulating, flaming are 
torch 

cupermonins Iron. Superheating Iron Electrically, 
George K. Elliott Iron Trade Rev., vol. 69, no. 16 
Oct. 20, i021. pp. 1007-1011. States that by using 
basic-lined electric furnace in conjunction with 
cupola, high-temperature iron can be produced, 
desulphurization can be accomplished easily and 
impurities closely controlled. Compares composi 
tion and strength Paper presented under auspices 
of Am. Foundrymen’'s Assn. before Instn. British 
Foundrymen 


ELECTRIC LOCOMOTIVES 


Characteristics. Characteristics of the Electric 
Locomotive, N. W. Storer ll. Franklin Inst., 
vol. 192, no. 4, Oct. 1921, pp. 453-467, 8 figs Deals 
with dc. and a.c. locomotives, and regenerative 
braking 

Comparison with Steam. Some Mechanical Char 
acteristics of High-Speed, High-Power Locomotives, 
A. W. Gibbs. Jl. Franklin Inst., vol. 192, no. 4 
Oct. 1921, pp. 469-495, 26 figs. Deals principally 
with results of comparative trial of steam and electric 
locomotives made in 1907 to secure information in 
connection with design of electric locomotives for 
Pennsylvania terminal in New York 

Control Equipment. Electrical Considerations 
Which Govern in a Choice of Locomotives for Any 
Given Class of Service, H. H. Johnston. Coal Age, 
vol. 20, no. 18, Nov. 3, 1921, pp. 717-719, 4 figs 
Locomotives with dynamic-braking controllers 
deliver current on descending grades and must 
have additional motor capacity. Series-and-parallel 
control vs. series-parallel control 


German. New Electric Passenger-Train Locomotives 
for the Silesian Mountain Railway (Neue elektrische 
Personenzug-Lokomotiven fiir die  Schlesischen 
Gebirgsbahnen), Loewentraut Elektrische 
Kraftbetriebe u. Bahnen, vol. 19, no. 17, Sept. 10, 
1921, pp. 201-203, 2 figs. Specifications: Gage, 
1435 mm.; driving- wheel diam.; 1250 mm.; leading 
wheel diam., 1000 mm.; max. speed, 90 km. per hr.; 
contact line voltage, 15,000 volts; frequency, 1624 
periods. 

Midi Railway, France. Mechanical Aspects of the 
New Electric Double-Bogie Locomotives of the Midi 
Railroad in France [Sur les dispositions mécaniques 
d’ensemble des nouvelles locomotives électriques 
a deux bogies moteurs (type de la compagnie des 
chemins de fer du Midi)}], Fernand Broussouse 
Le Technique Moderne, vol. 13, no. 3, March 1921, 
pp. 97-101, 12 figs. Discusses French and American 
suspensions, interchangeability and balancing of 
Midi bogies, etc. 

Selection. Mechanical and Engineering Considera- 
tions ie the Selection of an Electric 
Locomotive, H. . Johnston. Coal Age, vol. 20, 
no. 17, Oct. 27, Moet, pp. 679-681, 5 figs. Dis- 
cusses mine-haulage equipment and their specifica- 
tions, locomotives, speed, and weight of rail. 


ELECTRIC PLANTS 


Bangor, Me. Remodeling Plant to Increase Rating, 
Phifer Smith. Elec. World, vol. 78, no. 17, Oct. 22, 
1921, pp. 815-818, 5 figs. Describes new construc- 


VoL. 44, No. 


tions at Veazie power plant of Bangor (Me.) Ry. & 
Electric Co., including four new units of 1,800 kw 
capacity each 

Blackburn, England. Electricity Supply in Black- 
burn Electrician, vol. 87, no. 2267, Oct. 28, 1921, 
pp. 536-539, 3 figs Describes coal and ash handling 
plants, boiler house, turbo-alternators (two 10,000 
kw. each driving 6,600-volt 50-period three-phase 
alternators), and auxiliaries of new power station 

Edinburgh. New Electricity Station at Edinburgh, 
S. B. Donkin Electrician, vol. 87, no. 2263, Sept 
30, 1921, p. 407 Describes equipment, including 
generating plant, sea work pumps, shafts and tunnels 
H. T. three-phase current; ultimate capacity 100,000 
kw (Abstract.) Paper read before British Assn 

England. Recent Extensions at Sunderland. Ele« 
trician, vol. 87, no. 2263, Sept. 30, 1921, pp. 414-415 
4 figs Describes turbo-alternator, motor generators 
busbar and switchboard construction of Corporation 
Generating Works 


Large Units. Some Notes on Large Electric Units 


Stanley Parker Smith Electrician, vol. 87, no 
2262, Sept. 23, 1921, pp. 378 380, 5 figs Discusses 
prime movers, a.c. and dc. production, converters 
mercury rectifiers, etc Abstract Paper read 


before British Assn 
London Underground Railways. Chelsea Power 


Station—London Underground Railways. Tram 
way & Ry. World, vol. 50, no. 20, Oct. 20, 1921, pp 
185-189, 5 figs Describes new equipment installed 


including 15,000-kw. turbo-alternators, condensing 
water plant, etc 

Small. Economies in Operation of Small Power 
Plants, E. S. Hight Elec. Rev Chicago vol. 7” 


no. 16, Oct. 15, 1921, pp. 573-576, 3 figs Dis 
cusses selection of coal, reduction of air leakage and 
radiation losses, engine room economies, ete Ex 


tracts from paper before lowa section of N.E.L.A 


Steel Works, Rumania. (perating Experiences with 
the Electric Plants of the Resita Steel Works (Ru 
mania) (Einige Betriebserfahrungen mit den elek 
trischen Anlagen der Eisenwerke in Resita), Erick 
Beck Elektrische Kraftbetriebe u. Bahnen, vol 
19, no. 19, Oct. 10, 1921, pp. 225-228, 2 figs Cur- 
rent is supplied from three power plants; viz., one 
hydroelectric station, one blast-furnace-gas engine 
plant, and one 2500-kw. steam turbine, all supplying 
a single network with 5000-volt three-phase current 
with frequency of 20.8 periods 


ELECTRIC RAILWAYS 


Italy. Valtellina Railway is Extended, E. Hulk 
schiner Elec Ry Il vol. 5S, no. 19, Nov >, 


1921, pp. SI6-S17, 1 fig Discusses new trolley 
suspension and new locomotive; tests show satis 
factory operation. Translated from Elektrotech 


nische Zeit 

Ore-Carrying, Chile. A Visit to the Tofo Mine of 
the Bethlehem Chile Iron Mines Co. (Una visita al 
mineral del Tofo de la Bethlehem Chile Iron Mines 
Co.), Ricardo Solar Puga Anales del Instituto de 
Ingenieros de Chile, vol. 21, no. 6, June 1921, pp 
397-403, 8 figs Describes first electric railroad in 
Chile used for ore carrying Locomotives are of 
1200 hp. d.c. 2400 volt 

Third-Rail System. Experiences of Northwestern 
Pacific Ry. with Third Rail System, C. E. Hatch 
Eng. & Contracting, vol. 56, no. 16, Oct. 19, 1921, 
p. 380. Experiences in operation of 37 mi. of electri 
fied track on which third-rail system is employed 
Notes on how contact rail is supported, protections 
at crossings and stations; method of carrying feeders 
and maintenance cost Abstract Paper read 
before Pac. Ry. Club 

ELECTRIC WELDING, ARC 

Rail Joints. Arc Welded Rail Joints. Welding 
Engr., vol. 6, no. 10, Oct. 1921, pp. 27-32, 13 figs 
Discusses welding rail joints by the Detroit street-car 
system and tests made 


ELEVATORS 
Electrical Troubles. Locating [Electrical Trouble 
on Elevators, William Zepernick Power, vol. 54, 


no. 20, Nov. 15, 1921, pp. 755-757, 14 figs. Grounds, 
short circuits and open circuits dened Methods of 


grounding power systems Examples given on how 
to locate electrical faults on controller equipment 
EMPLOYEES 


Thrift Encouragement by Employers. Thrift 
Encouragement by Employers—V, ~~" Felix 
Fuld Indus. Management, vol. 62, no. 5, Nov. 1921, 
pp. 287-289. Points out that lavestment companies 
appear to be ideal thrift encouragement plan for 
workers, as they furnish a thrift encouragement 
vehicle for each class of worker 


EMPLOYEES, TRAINING OF 

Selection and. Industrial Training and Selection of 
Personnel, C. R. Dooley. Chem. & Met. Eng., vol 
25, no. 15, Oct. 12, 1921, pp. 692-695. Outline of 
basic principles underlying modern methods of 
selecting and training employees, and some helpful 
suggestions for solving personne! problems 


ENAMELING 
Steel Containers. Enamel-Lined Apparatus, Chester 
. Jones. Chem. & Met. Eng., vol. 25, no. 20, 
Nov. 16, 1921, pp. 927 932, 17 figs. Plant of Elyria 
Enameled Products Co. at Elyria, Ohio, engages in 
manufacture of enameled equipment .for service 
in many varieties of plant processing; steel and cast- 
iron containers; burning equipment; composition and 
properties of,enamels; control and management of 
operations. 


EVAPORATORS 
Design. An Improvement in Evaporator Design, 
Robert V. Cook. Chem. Age (N. Y.), vol. 29, no. 10. 

















-= 








JANUARY, 1922 


Oct. 1921, pp. 409-410, 1 fig Describes the cri 


cross evaporator 

Tests. Result of Operations With Some Evaporators 
Résultats de marche de quelques appareils d evapor 
ation M. Depasse Bul. de Ll Association des 
Chimistes de Sucrerie et de Distillerie, vol. 38, no. 10 
April 1921, pp. 383-404 and (discussion) 407-409 
> fig Gives test data with two-stage, three-stag« 


and four-stage evaporator 


F 


FACTORIES 


Hosiery U'p-to-the-Minute Design for New Hosiery 
Factory, H. P. Elliott Contract Rec., vol. 35, no 

15, Nov. 9, 1921, pp. 965 967 Plant of Holeproof 
Hosiery Co. of Canada, Ltd., London, Ont., is said 
to combine every feature that will make employees 
comfortable and efficient Details of heating and 
ventilating, boiler house, hot-water supply, water 
softening plant, illuminating system, power trans 
mission electric time clocks, et 

Planning Operations. Notes on the Preparation 
of Work Lay Outs, H. Varley Eng. & Indus 
Management, vol. 3, no. 57, Nov. 3, 1921, pp. 491 
194. 9% figs Writer enumerates points which should 
be carefully considered when a part is to be laid out in 
operations 

Rubber Tires. Mechanical Features of Tire Factory 
Iron Age, vol. 108, no. 20, Nov. 17, 1921, pp. 1259 
1265, 8 figs New Kelly-Springfield plant is said to 
have unusually interconnection of me 

Notes on tunnels, piping, wiring 


telephone 


complete 
chanical services 
and communication 
FACTORY MANAGEMENT 
See INDUSTRIAL MANAGEMENT 
FANS, CENTRIFUGAL 


Design. Controlling Factors in Fan Design, David 


Darrin Heat. & Vent. Mag., vol. 18, no. 10, Oct 
1921 pp 19-52 Discusse required capacities 
available space and attendance, allowable first cost 
and operating, cost, et and gives table of present 


standards of fan design 


Electrically Driven. Electrically Driven Centrifugal 
F r Mine 


ans fo Ventilation Mech. World, vol. 70 
no. ISIS, Oct 14 1921, pp. 303-304 Discusses 
characteristics of fans and motor power requir 


ment ete 
Heaters and Fans and Heaters, Charles L. Hubbard 
Southern Engr., vol. 36, no. 2, Oct. 1921, pp. 44-49 
12 fig Working data for fans; fan drive heater 
determin ize of heater heater arrangements 
heater co ducts and flues 


FATIGUE 
Industrial 





Physiological Methods for Measuring 
1 Fatigue Les Meéthodes Physiologiques 
¢valuation de la Fatigue dite Indus 
Ll). Glibert Annales des Mines de Belgiqu 








1. 22, no. 3, 1921, pp. 837-847, 1 fig Concludes 
that present methods are not strictly applicable 
Reduction Reducing Fatigue in Tool Roon 
B. and L. M. Gilbreth Iron Trade Rev., vol 
69. no 16. Oct 20) 1921 pp 1004-1006. 7 fies 
Orderly arrangement of tools, conveniently placed 
Shelves and drawers, and white surfaces tend to 
improve conditions in tool crib Ample sunlight 
iniportant Abstract Paper before Soc. Indus 
Engrs 
Tests Fatigue Test it Purdue University, Georg 
H. Shepard Indus. Management, vol. 62, no. 5 
Nov. 1921, pp. 2ZS1-2S¢ + fig How exertion and 
rest periods affect eff cy Includes chart 





showing under certain con 


' 
ditions of work and rest pe 

FILING SYSTEM 

Classification, Indexing and Classification, Filing 
and Indexing System for Pulp and Paper Library 
Carleton E. Curran Paper, vol. 28, nos. 19, 20 and 
21, Ju 


output in foot-por 


13, 20 and 27, 1921, pp. 9-11, 23 and 30 
pp. 17-19 and pp. 17-18 Gives an adaptation of the 
Dewey classification 

FLIGHT 

Soaring soaring Flight I Prandtl Aviation 
vol. 11, no. 16, Oct. 17, 1921, p. 459, 1 fig Dis 
cusses soaring of birds and possibilities of human 
soarin flight Translated from Zeitschrift fiir 


Flugtechnik und Motorluftschiffahrt, July 30, 1921 
Some Remarks Concerning Soaring Flight, L 
Prandtl Flight, vol 13, no. 38, Sept. 22, 1921 
pp. 633-634 Utilization of wind power in gliding 
planes Translated from Zeitscrift fir Flugtechnick 
und Motorluftschiffahrt, July 30 
The Rhén Soaring Flight Contest 1921 (Rhén 
Sefelflug-Wettbewerb 1921 Werner v. Langsdorff 
Zeit. fir Flugtechnik u. Motorluftschiffahrt, vol. 12 
no. 18, Sept. 30, 1921, pp. 278-281 List and data of 
competing machines and account of performances 
Spinning Curves. Flight and Spinning Curves 
Flug- und Trudelkurven), Ludwig Hopf. Zeit 
fiir Flugtechnik u.Motorluftschiffahrt, vol. 12, no. 18 
Sept. 30, 1921, pp. 273-278, 9 figs Discusses equi 
librium in connection with stationary curve flight 
(spinning curve) 


FLOW OF AIR 


Phenomena. Flow Phenomena in Free Air Currents 
(Ueber die “Strémurigsvorginge), Walter Zimm. 
Forschungsarbeiten auf dem Gebiete des Ingenieur- 
wesens, no. 234, 1921, 36 pp., 31 figs. Investigation 
of flow phenomena in air currents of low velocity 
which are said to be of physical and technical im- 


MECHANICAL ENGINEERING 


portance Description of experimental apparatu 
and results of experiment 


FLOW OF FLUIDS 


Laminary Limit Flow. The Approximative In 
tegration of the Differential I tatior of the Lan 
inary Limit Flow (Zur nAéherungswe n Integratior 
der Differentialgleichung der laminaret Grenz 
schicht K Pohlhausen Zeit fir angewandt 
Mathematik u. Mechanik, vol. 1. no. 4. Aug. 1921 
pp 252-268 10 fig An integratior method 
developed and examy ire given to demonstrat: 


its applicability 
Laminary and Turbulent Friction Laminary and 
Turbulent Friction (Ueber laminar ind turbulent 


Reibung th. v 





urmiar Zeit. fur a wandt 
Mathematik u. M inik ol. 1 » 4 1a 
pp. 233-252, 7 fig ID theor f laminary 
friction of liquids and gases in pipe 1 connection 
with which author ek to ex , fron t 


matical and physical 


wi ple 
of Prandtl limit flow theory and sugs ts a method 
for simple mathematical alet 
plicated ca he exs al to « 
basis for turbulent friction 


FLUE-GAS ANALYSIS 

Numerical Calculation The Evaluation of I 
Gas Analysis (Die Auswertung der Rauchgasanaly 
4 B. Helbig Feuerungstechnik. vol ) no 4 
Sept. 15, 1921, pp. 229-234. Based on calculatior 


of decomposition of all combustible 


omponents of 
fuel with exception of « arbon monoxide in atomi ol 
ume 1 formula applicable to all fuels is developed 
which permits an entirely new imple and r 
calculation of heat, according to which carbon k 

determined in purely mathematical manner and 


which also permits a new criterion of fue 


Testing Apparatus Apparatus for Testing | 
Gas. Tohn B. ( Kershaw Combustion. vol 
no. 5, Nov. 1921, pp. 204-207 and 218. 9 fig Dx 


scribes seven gas-testing instruments which depend 


upon the measurement of some physical 
which also rve ‘ an in 


amount of COs contained in tl 


FORGE PLANTS 
Safety Guards in Shops Using ifety Device 





waste-gases 








Forge Shop ron Trade Re vo 69, no. 19 
Nov. 10, 1921, py 1216-1217, 6 fig Describe 
simple and inexpensive guards which ar cing used 
in one shop 

FOUNDATIONS 

Steam Power Plants, etc ome Notes on Founda 
tion Plan Douglas Wilsor Mech. World 70 
no. 1816, Oct. 21, 1921, pp 27-328, 6 fig D 
cusses foundations for prir mover tea wer 
installation steam = tur concrete and 
forcement 

FOUNDRIES 

Equipment Equipment Featur Mallea } 

H. E. Diller Foundry, vol. 49, no. 20. Oct. 15 
1921, pp. SO5-S13, 14 fig ID 1 chang made 
in conveving, melting and annealing at new foundry 
of Am. Chain Co., York, Pa 

Steel. Famous British Work Eng Productio 
vol ; no 4 let 1 1021 pp x ) > f 
Details of plant and e« " t of steel foundr 

n & Co I ev r roductior 
1, carbon and "Vv ton teel pec 
for automo d aircraft, to h 1 
for ngi ind other pury 
dynamo mag t-steel cast Imperial ma it 
steel, et« 

Temperature Problems. Temperature Problen 
Foundry ind Melting Root john P. Got 
Trar Am. Inst. Min. & Metallurgical Engr 

t ra ial « t 
ra cor it peratur ‘ 
ract in Mi & Me 








Gaseous. Gaseous Fuel in th World 
George Keillor Gas Jl., vol. 1 Oct 
1921, pp. 34-37 Discu ip . 
hardening and normalizin Bill plate and rivet 


heating; core and mold drying: fuel consu 
See also Iron & Coal Trades Rev vol. 103, n 
Sept. 30, 1921, pp. 476-478 





Lumber Refuse. Consumers Central Heating Con 


pany's New Hog-Fuel Burning Plant Power 
vol. 54. no. 20. Nov 15, 1921, pp. 750-753. 6 f 


VI 


Hog fuel, consisting of sawdust, shavings, groundup 


edgings, slabs and trimmings, is purchased from 
lumber manufacturing plants for fuel Three 
7500-sq. ft. vertical water-tube boilers installed 
Fuel delivered by barge and handled by 5-ton 


electric monorail-operated clamshell bucket to system 
of conveyors 


Smokeless, Manufacture of. The 
Smokeless Fuel 
Oct. 28, 1921, pp. 596-601, 41 figs., partly on supp 
plate; also Engineer, vol 32, no. 3435, Oct. 28 
1921, p. 464, 3 figs Describes works of low Temp 
erature Carbonization, Ltd., Barugh, England, which 
has 20 retorts in continuous service and are car 
bonizing 36 tons of coal daily Fuel produced is sort 
of semi-coke carrying only very small proportion of 
breeze, and is called coalite 


[See also OIL FUEL; PULVERIZED COAL, ] 


FURNACES, BOILER 

Forced-Draft Grates. New Forced-Draft Furnace 
Grate (Crux-Rost und -Ventisolotor), H. Pradel 
Elektrotechnischer Anzeiger, vol. 38, no. 153, Sept 
27, 1921, pp. 1096-1098, 7 figs Describes forced- 
draft grate and direct-operating mechanical induced 


Manufacture of 


Engineering, vol. 112, no. 2913 


draft installatior recent placed on market by 
Hans Cru 


FURNACES, HEATING 
Reheating The Development and Per tion of the 


Reheating Furnace Der Tiefherdofen ne Ent 
wicklung und Vervollkommnuns \ attmann 
Feuerungstechnik, vol. 9, no. 23 . F 121, pp 
217-219, 2 fig Note yn Operation at rdvantage 


of such furnaces 


FURNACES, INDUSTRIAL 


Oil Burners. The Rotamisor Oil-Fuel Burner 
Engineering, vol. 112, no. 2914, Nov. 4 921, pr 
631-632 + figs Describe burner « tructed 
by Combustions, Ltd Kingston-on-Thame most 
nteresting feature of which 1 iid to t nethod 
idopted for atomization It is being developed to 
all requirements from heating of small n fle furna 
tor tempering, et to firing of lars marine or sta 





tionary boiler 


FURNACES, METALLURGICAL 





Smelting smelting Furnace Practice with Regard 
to Different Construction Typ ind Present Cor 
ditior Der Sch melzofenbetrieb inter Beritick 
ichtigung der verschiedenen Ofenkonstruktionen und 
der heutigen Verhaltniss« Carl Rein Giesserei 
Zeitung, vol. 18, nos. 22 and 23 Sept. 6 and 13, 1921 
pp. 206-300 and 312-314, 12 figs Author records 
his experience since 1919, and discuss furnace 
ysten charging methods and devices, and removal 
of iron Poir out noticeable defects in present 

nelting practice and furnaces and offers suggestions 


for their elimination Address before Assn. German 
Foundrymet 

Tar-Oil-Fired. German Furnaces 
Oil, Kuenscher. Foundry, vol. 4! 


. , > ay 


19 ’ Vi 771 


Fired with Tar 
) no. 19, Oct. 1 
Abstract Paper re 


German Non-ferro Metal Founders 


id before 


GAGES 





Manufacturin Uses The Need Gau for 
Moder: Manufacturing A ( Wickman Can 
Machvy 1. 26. no. 13 Sept. 29 1991 pp 25-29 
~ Il) € the ibiect of aging rews, and 


McLeod An Extension of 


the Rang of the McLeod 
\ H Pfund Physical Rev vol 18 
no July 1921, pp. 78-82, 2 figs. The pr ure of 
the gas forced into capillary is measured by means 
of a hot-wire gage The ratio of compression being 
known, the time pressure can be determined 
Precision Precision Gauge M. E. Kanek Mech 
World, vol. 69, no, 1782, Fe 25, 1921, pp. 139-141 
LD ‘ Sl-block set types on the market, effect 
of ‘ material for gage direct and 
comparati vd im isurin et 
Snap ystems of Gauging Eng. Production, vol 
no 4, Oct l 1921, pp 445-346 2 fig De 
i an adjusta nay ige and tt microm 
eter, which 1 iid to adaptable and inexpensive 
GAS PRODUCERS 
Fuel Economy. Fuel Saving in Modern Ga ro 
1 t nd Industrial Furnas W. B. Chapman 
Mech. I 1.4 » Ll, Ne 192 p. 717-621 
7 f La att t fue wast i lustries 
i rodt ind =f ducer " rnace 
‘ 1 r t i 2 year in gas-producer 
and descr listinctive ty; of re 
t rnac ind extension of its 1 to pul 
eri j val and oil \ tract 
GEAR CUTTING 
Gear Shapers Prod ' ' Mact . 
t f haper in prod tion work ol 


Machines An Improved Gear Generating Machine 
Eng. Productior no. 57 1921, pp 








GEARS 


Erosion in High-Speed. Pitting in High-speed 
Gearing Machinery Lond vol 19, no 4/2 
Oct. 13, 1921, pp. 50-51, 2 figs Di isses new 
method developed to eliminate pitting or erosion 
in teeth of wheels 

Hardening under Pressure Hardenin; Gear 
Under Pressure Eng. Production, vol. 3, no. 57, 





Nov. 3, 1921, pp. 426-427, 3 figs 
method 

Involute. fhe Evolution of the Involute Gear 
Tooth—VIII and «6X \ Fisher Machinery 
Lond vol. 19, nos. 474 and 475, Oct. 27 and Nov 
3, 1921, pp. 101-103, 6 figs. and pp. 132-136, 7 fis 
Involute pitch and pressure angle permutability 

Non-Metallic. Design and Manufacture of Non 
metallic Gears Machinery Lond vol. 19, no 
171 Oct 6 1921 pp. 6-11 12 figs Discusses 
preparation of rawhide and fabric-base gear materials 
physical characteristics, design and machining of 
gear 

Power-Transmission. Gear Tooth Problems (Bei 
trag zur Zahnradfrage fiir Uebersetzungsgetriebe 
©. Lasche. Zeit. des Vereines deutscher Ingenieurs 
vol. 65, no. 42, Oct. 15, 1921, pp. 1087-1088, 8 figs 
Based on examples of gear teeth for marine and land 
installations, values for tooth loads and speeds are 
developed. Sliding conditions with standard and 
AEG (German Gen. Elec. Co.) teeth are compared 
Suggests means of obtaining a neater and more 
accurate tooth 


Describes new 





- 


ar eg hn eee 
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Spur. The Production of Spur Gears, R. Wating- 
Brown. Eng. Production, vol. 3, no. 55, Oct. 20, 
1921, pp. 364-368, 8 figs. and (discussion), no. 56, 
Oct. 27, 1921, pp. 389-391. Comparison of modern 
methods. Paper presented before Instn. Production 
Engrs 

Spur, Hobbed, Backlash in. Backlash in Hobbed 
Spur Gears, Carl G. Olson. Machy. (N. Y.), 
vol. 28, no. 3, Nov. 1921, pp. 222-224, 5 figs 
Amount of backlash recommended to provide for 
unavoidable inaccuracies in machining and heat 
treatment. 

Sykes Gear-Tooth Comparator. The Sykes Gear- 
Tooth Comparator. Mech. World, vol. 70, no. 1814, 
Oct. 7, 1921, pp. 280-282, 4 figs. May be used for 
comparing and definitely measuring thickness of 
teeth, for comparing uniformity of pitch and for 
ascertaining amount of inaccuracy of tooth shape. 


GOVERNORS 


Shaft, Adjusting. Adjusting Shaft Governors. 
Power, vol. 54, no. 17, Oct. 25, 1921, pp. 641-647, 
16 figs. Shows how to adjust different types of 
governors. 


GRINDING MACHINES 


Surface. Economy of Surface Grinding Machines 
(Wirtschaftlichkeit der Flachenschleifmaschinen), 
F. Warsow. Betrieb, vol. 3, no. 25, Sept. 15, 
1921, pp. 829-832, 6 figs. Describes machines 
equipped with grinding cylinders for economical 
machining of various flat pieces from the rough 
Comparison of results show a much higher efficiency 
with described machines than with those operating 
with circumferential grinding disks with equal 
neatness and precision. 


H 


HANDLING MATERIALS 

Equipment. A Survey of Material-Handling Equip- 
ment, R. H. McLain. Chem. Age (N. Y.), vol. 29, 
no. 10, Oct. 1921, pp. 427-431, 25 figs. Suggestions 
for the use of labor-saving devices in chemical 
manufacture. 


HANGARS 


Cape May. Cape May Hangar for Dirigible Built 
‘rom Two Small Ones. Eng. News-Rec., vol. 87, 
no. 17, Oct. 27, 1921, pp. 698-700, 4 figs. Sheds at 
Montauk and Cape May reérected on new base 
sections to produce hangar of greater capacity. 

Suspended Roofs. Large Roofs Suspended by 
Cables To Avoid Columns. Eng. News-Rec., vol 
87, no. 17, Oct. 27, 1921, pp. 638-639, 4 figs. Novel 
design of airship sheds, giving unobstructed full- 
length side openings. Translated from Génie Civil. 


HEAT TRANSMISSION 


Bibliography. Bibliography on Heat Transmission. 
Am. Soc. Refrig. Engrs. Jr., vol. 8, no. 2, Sept. 1921, 
pp. 150-162. 

Theory for Turbulent Streams. Transmission of 
Heat from Solid Bodies to Turbulent Liquid or Gas 
Streams (Der Warmeiibergang an einen turbulenten 
Flissigkeits- oder Gasstrom), H. Latzko. Zeit. fiir 
angewandte Mathematik u. Mechanik, vol. 1, no. 4, 
Aug. 1921, pp. 268-290, 10 figs. Based on laws of 
velocity distribution of turbulent streams developed 
by Prandtl and v. K4rman, attempt is made to de- 
velop systematically a theory of heat transmission 
for turbulent streams and of dependence of heat- 
transmission coefficient on shape and dimensions. 


HEATING, ELECTRIC 


Arc and Resistance. Arc vs. Resistance Heating 
(Lichtbogen- oder Widerstandsbeheizung), H. Win- 
termeyer. Elektrotechnischer Anzeiger, vol. 38, 
nos. 155, 156, 147 and 158, Sept. 29, Oct. 1, 4 and 5, 
1921, pp. 1109-1110, 1115-1116, 1125-1126 and 
1133-1134, 8 figs. Discusses most important 
features in connection with industrial arc and high- 
and low-current resistance heating. 


Gas Heating vs. Comparison of Gas and Electric 
Heating (Comparaison du chauffage au gas et a 
l'électricité, A. Grebel. Le Génie Civil, vol. 79, 
no. 12, Sept. 17, 1921, pp. 249-252. Compares 
1 kg. of coal transformed with low tension electricity 
and into gas and by-products. Shows that cost of 
production is in favor of gas, 


HEATING, HOT-WATER 


Electric. Electric Hot-Water Heating Plants with 
Heat Storage for Schoolhouses (Elektrische Warm- 
wasser-Heizanlagen mit Warme-Akkumulierung fir 
Schulhaduser). Schweizerische Bauzeitung, vol 78, 
no. 13, Sept. 24, 1921, pp. 151-153, 7 figs. Describes 
hot-water heating system installed in two school- 
houses in Aarau, Switzerland, in which electric 
current of 4000 volts is employed. Points out suc- 
cess and advantages of system. 


HEATING, STEAM 


Isolated Power Plant. Heating and Its Relation to 
Isolated-Plant Operation, E. L. Wilder. Power, 
vol. 54, no. 20, Nov. 15, 1921, pp. 758-761, 8 figs. 
Discusses factors that make for efficiency and inef- 
ficiencies in a combined power and heating plant. 


Radiation, Calculation of. Radiation Calculation 
Charts, D. N. Crosthwait, Jr. Heat. & Vent. Mag., 
vol. 18, no. 10, Oct. 1921, pp. 27-29, 2 figs. Gives 
tables of square feet of direct cast iron-steam radia- 
tion for heat loss through two-pane windows, and 
through wall area, room temperature 70 deg. fahr. 
and outside temperature 0 deg. fahr. and explains 
application. 

Stationary Heat Storage. A Steam Heating Plant 
with Stationary Heat Storage (Eine Dampfheizan- 
lage mit festem Warmespeicher), M. Hottinger. 


MECHANICAL ENGINEERING 


Schweizerische Bauzeitung, vol. 78, no. 10, Sept. 3, 
1921, pp. 124-126, 2 figs. Results of tests carried out 
on electric heating installation in spinning mill o 
H. Biihler & Cie., Sennhof, Switzerland, described in 
previous issue of same Journal (July 17, 1920). 

Vacuum. Operation and Advantages of Vacuum 
Steam-Heating Systems (Vorziige und Wirkungs- 
weise der Vakuumdampfheizungen). Elektrotech- 
nischer Anzeiger, vol. 38, nos. 161 and 162, Oct. 11 
and 12, 1921, pp. 1158-1160 and 1164-1165. Said 
to be especially adapted to small and medium-size 
factories 


HOBS 


Gear. Inspection of Involute Spur and Helical Gear 
Hobs. Machinery (Lond.), vol. 19, no. 474, Oct 
27, 1921, pp. 90-95, 19 figs. Testing accuracy of 
hob and tooth parts; hobbing test. 


HOISTING MACHINES 


Safeguards. Hoisting and Conveying. Power Plant 
Eng., vol. 25, no. 20, Oct. 15, 1921,”"pp. 1000-1003 
Machinery safeguards and safe operation 


HOT-WATER SUPPLY 


Water-Temperature Control. Determination of 
Hot Water Requirements, William Wilcox. Heat 
& Vent. Mag., vol. 18, no. 10, Oct. 1921, pp. 31-35, 
7 figs. Essential points to be considered, with data 
on apartment houses and various methods of water- 
temperature control. 


HOUSES 


Wall Construction. Design and Construction of 
Dwelling House Walls, Carroll Beale. Concrete 
Products, vol. 21, no. 4, Oct. 1921, pp. 51-52. Dis- 
cusses types of construction, including concrete 
Reprinted from Contractor's Atlas 


HOUSING 


Garden City Scheme, London. Building Garden 
Cities at the London Conférence (La Construction 
des Villeset Cités-Jardins a la conference de Londres), 
M. De Heem. Annales des Travaux Publics de 
Belgique, vol. 22, no. 4, August 1921, pp. 595-626, 
11 figs. Partly on supp. plates. Discusses the hous 
ing question and recent competition in designs in 
London. Gives illustrations 

Sherbrooke, Can. Housing Developments in Sher- 
brooke. Contract Rec., vol. 35, no. 45, Nov. 9, 1921, 
pp. 968-969, 8 figs. Model city built to house 
workers of Canadian Connecticut Cotton Mills 


HYDRAULIC MACHINERY 

Packing Friction. Experiments with Packing Fric- 
tion (Versuche tiber Stulpenreibung), Eugen Irion, 
Zeit. des Vereines deutscher Ingeniecure, vol. 65, no 
39, Sept. 24, 1921, pp. 1016-1017, 2 figs. Results of 
tests on a 75-tom drop and bending machine with 
hydraulic gage connected directly to working cylinder. 
Comparison with values determined by Martens 
Advantages of the simplified pressure measurement 
with measuring cylinders 


HYDRAULIC TURBINES 


Draft Tubes. Draft Tubes—How They Operate 
and Why. Power, vol. 54, no. 16, Oct. 18, 1921, 
pp. 600-604, 17 figs. Elementary, non-mathe- 
matical explanation of hydraulic draft tubes. Use 
of barometer and “‘scenic railway" to illustrate funda- 
mental principles involved. 

Kaplan. Design and Use of the Kaplan Turbine 
(Die Kaplanturbine in Ausfiihrung und Verwen- 
dung), C. Reindl. Zeit. des Vereines deutscher 
Ingenieure, vol. 65, nos. 40 and 41, Oct. 1 and 8, 
1921, pp. 1035-1040 and 1066-1069, 33 figs. Deals 
with development and details, including rotars, 
guide vanes, draft tubes, single and double turbines 
Experimental results and behavior under different 
operating conditions. Useful possiblities and ad- 
vantages. 

Speed Regulation. Speed Regulation of Hydraulic 
Turbines, John S. Carpenter. Power Plant Eng., 
vol. 25, nos. 19 and 20, Oct. 1 and 15, 1921, pp. 
947-950 and 990-993, 5 figs. Principles and methods 
of calculation involved in design of hydraulic turbine 
governors. 

Speed Regulation in the Hydraulic Plant, N. L. 
Devendorf. Power, vol. 54, no. 20, Nov. 15, 1921, 
pp. 764-767, 6 figs. Conditions that must he met 
by waterwheel governor. Development from early 
flyball governor to present oil-pressure type. Re- 
quirements of low-head versus high-head plants 
Operating in parallel 


HYDROELECTRIC DEVELOPMENT 


Belgium. Utilizing Hydraulic Resources of Belgium 
(Avant-Projet de captation des energies hydrauliques 
Belges), Herman Chauvin. Révue Universelle des 
Mines, vol. 11, no. 1, Oct. 1, 1921, pp. 1-28, 9 figs. 
Describes Ardennais works, reservoirs, dams, canals, 
power plants, their cost, capacity, equipment, etc. 

Colorado River. Electrical Construction Plan for 
Colorado River, Charles Heston Peirson. Elec. 
Rev. (Chicago), vol. 79, no. 16, Oct. 15, 1921, pp. 
586-588. Comprehensive development proposed to 
regulate stream flow for utilization of available water 
power. 

Switzerland. Plans for Hydroelectric Development 
in the Bernese Oberland (Les projets des Forces 
Motrices Bernoises dans l’Oberhasle), Jean Ganguil- 
let. Schweiz. Elektrotechnischer Verein Bul., vol. 
12, no. 8, Aug. 1921, pp. 209-216, 2 figs. Presents 
plans for harnessing the Aar River and for develop- 
ing in Oberhasle the future greatest source of electric 
energy in Switzerland. 


HYDROELECTRIC PLANTS 

California. Progress on Pit River Project in Cali- 
fornia. Eng. News-Rec., vol. 87, no. 15, Oct. 13, 
1921, pp. 604-606, 1 fig. First plants completed. 





Vou, 44, No. 1 


Features of development will be 220,000-volt trans- 
mission line, 7-mi., 3000-sec-ft. tunnel on Pit River 
No. 5, and 40,000-hp. reaction turbines under 454-ft. 
head in Pit River No. 1. 

Great Falls, Conn. Great Falls Hydro-Electric 
Development. Power Plant Eng., vol. 25, no. 20, 
Oct.15, 1921, pp. 981-986, 11 figs. Describes equip- 
ment of Falls Village hydroelectric plant of Conn. 
Power Co., on Housatonic River, supplying normally 
10,000 kw. at 66,000 volt, to main lines 

Italy. Hydroelectric Plants in Southern Italy (Gli 
impianti idroelettrici del Mezzogiorno d'Italia), 
Emirico Vismara. lL,'Elettricista, vol. 10, no. 18, 
Sept. 15, 1921, pp. 137-140, 4 figs. Discusses power 
transmission problems in connection with irrigation 

Maximum Rates. Determination of Maximum 
Rates for Hydroelectric Power Centrals (La fixation 
des tarifs maxima dans les cahiers des charges des 
concessions d'énergic hydraulique), G. Tochon 
Révue Générale de I’ Electricité, vol. 10, no. 13, Oct 
1, 1921, pp. 451-455. Discussion of standard 
specification for maximum rates proposed by Min- 
istry of Public Works 

Sicily. Brief Description of the Works of the Societa 
Generale Elettrica of Sicily (Descrizione sommaria 
degli impianti della Societa Generale Elettrica della 
Sicilia) L,'Elettrotecnica, vol. 8, no. 27, Oct. 5, 
1921, pp. 604-610, 9 figs. Discusses hydroelectric 
coastruction, power houses and equipment, and sys 
tem of transmission lines 


I 


ICE PLANTS 

Brine Agitation. Modern Propeller Design for Brine 
Agitation and Circulation, E. A. Burrows. Am 
Soc. Refrig. Engrs. Jl., vol. 8, no. 2, Sept. 1921, pp 


os 


27-133 and (discussion) 133-134, 10 figs Describes 
experiments with Halvorsen propeller, reducing 
power consumption from 25 to 50 per cent 


INDEXES 


Construction and Comparison. Details of Index 
Number Construction and Comparison of Indices. 
E. E. George Eng. & Contracting, vol. 56, no. 19, 
Nov. 9, 1921, pp. 431-434, 3 figs. Notes on volume 
of production index Bradstreet’s, Dun’'s, and 
Federal Reserve Board index, standard and tests, 
and cost-of-living indexes. 


INDUSTRIAL MANAGEMENT 


Distribution of Manufacturing Expense. The 
Distribution of Manufacturing Expense, C. Haigh 
Can. Machy., vol. 26, no. 15, Oct. 13, 1921, pp. 34 
36 Discusses five methods for distributing over- 
head expense: man-rate; man-hour; material and 
labor; sold-hour; and machine-hour rate 

Factory Investigation. How Factory Investigations 
Reduce Costs, Albert A. Dowd and Frank W. 
Curtis. Machy. (N. Y.), vol. 28, no. 3, Nov. 1921, 
pp. 208-212, 7 figs. Discusses effect of design 
upon cost of machining and gives examples of savings 
realized by change of design; savings. effected in 
drilling, and by use of punch press 

Instruction Sheets. Proposals for New Factory 
Instruction Sheets (Entwiurfe neuer Betriebsblatter) 
Betrieb, vol. 3, no. 25, Sept. 15, 1921, p. 160. Pro 
vosal of Works Dept. of German Federation of 
Technical and Scientific Societies for care and 
handling of automobile tires 

Proposals for New Factory Instruction Sheets 
(Entwiirfe neuer Betriebsblatter). Betrieb, vol. 3, 
no. 26, Sept. 25, 1921, pp. 166-168. Proposals of 
Works Dept. of German Federation of Technical and 
Scientific Societies for care and handling of precision 
ball and roller bearings; installation, operation and 
care of transmissions. 

Material Control. Material Control for the Small 
Industrial Plant, Henry C. Haskell. Indus. Manage- 
ment, vol. 62, no. 5, Nov. 1921, pp. 271-273, 1 fig. 
Describes simple, direct and logical method of ap- 
proaching problem. Includes illustration of stock 
card used in system which includes material costing, 
ordering and planning. 

Purchasing Department. Purchasing. A. B. John- 
son. Paper, vol. 28, no. 19, July 14, 1921, pp. 17-19, 
28 and 38. Discusses work and organ‘zation of 
purchasing departments. Paper read before Super- 
intendents’ Assn. 

Scientific. Scientific Management—-X XXII, Henry 
Atkinson. Eng. & Indus. Management, vol. 6, 
no. 15, Oct. 13, 1921, pp. 400-401 and 403. Failures 
of scientific management and their cause. 

Stores Records. Machine-Posted Balance of Stores 
Records, C. Moffitt Ford. Bul. Taylor Soc., vol. 
6, no. 4, August 1921, pp. 139-152, 4 figs. Discusses 
mechanical equipment and card design; posting of 
cards; method of proof; filing, posting and verifying 
routine; etc. Paper read before Phila. Section of 
Taylor Soc 

Tool Handling. The Handling of Metal-Cutting 

ools (Die Behandlung der Werkzeuge in derFabrik), 
A. Fattler. Zeit. des Vereines deutscher Ingenieure, 
vol. 65, no. 41, Oct. 8, 1921, pp. 1063-1065, 3 figs 
Notes on materials for tools; storage and distribution 
in factory; repair and renewal: hardening of tools. 

[See also. TIME STUDY. ] 


INDUSTRIAL ORGANIZATION 


Reorganizing Small Works. Reorganizing the 
Small Works, H.N. Munro. Eng. & Indus. Manage- 
ment, vol. 6, no. 17, Oct. 27, 1921, pp. 459-462, 9 figs. 
Writer demonstrates importance of forming clear 
idea of conditions of working, capabilities of staff, and 
proper location and layout of plant, in describing 
practical system of reorganization. Notes on 
planning organization chart. 
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JANUARY, 1922 


Stimulating Interest of Workers. Making Work 
Fascinating as the First Step Toward Reduction of 
Waste, Walter N. Polakov Mech. Eng., vol. 43, 
no. 11, Nov. 1921, pp. 731-734 and 765, 7 figs 
Points out that such experiments as have been 
already conducted in uniting brain work with manual 
work have proved beyond any doubt that such a 
course liberates dormant or suppressed creative 
capacities of men, improves quality and quantity of 
production, and, above all, substantially ameliorates 
industrial relations Advantages to owner and labor 
groups are set forth Abstract 


INDUSTRIAL RELATIONS 


Coéperation. Experiments in Industrial Codépera 
tion Iron Age, vol. 108, no. 19, Nov. 10, 1921, pp 
1207-1208. Constructive solutions of employer 
employee relations presented at meeting of Acad. of 
Political Science 

Economic Axioms. Thx Economic Axioms olf 
Industry, E. W. Petter Eng. & Indus. Management 
vol. 6, no. 18, Nov. 3, 1921, pp. 500-502 Notes on 
creation and unequal distribution of wealth, com 
munity'’s well-being; employer and worker; piece 
work rates: unemployment doles and waste how 
the State can assist Abstract.) Lecture arranged 
by Indus. League & Council 


Human Factor. The Human Factor in Industry—Il, 


Clarence H. Northcott Indus. Management, vol 
62, no. 5, Nov. 1921, pp. 202-207, 4 figs Points out 
importance of weighing physical and mental differ 
ences and study of job in vocational selection Dis 


cusses motion study, fatigue, rest periods, etc 


Industrial Court, Great Britain. The Industrial 
Court of Great Britain and Ireland, R. W. Patmore 
Indus. Management, vol. 62, no. 5, Nov. 1921, pp 
269-271 Its history, functions and personnel 


INTERNAL-COMBUSTION ENGINES 


Carburation Study of Carburation, Thermody 
namics of the Explosion Engine (Introduction a 
l'étude de la carburation, pyrodynamique du moteur 
a explosions), M. Carbonaro Memoirs et Compte 
Rendu des Travaux de la Société des Ingenicurs 
Civile de France, vol. 74, no. 4-5-6, April-June 1921 
pp IS5-249, 13 figs Discusses deflagration at 
constant pressure ignition temperature, flame 
propagation and its velocity, et 

Cooling-Water Systems. Cooling-Water Systems 
for Internal Combustion Engines, Edgar J]. Kates 
Power, vol. 54, no. 20, Nov. 15, 1021 pp 710-713, 4 
figs Notes on quality of water: use of cooling tanks 
open cooling systems and their faults; inclosed cool 
ing systems 


Increasing Power Output. Petrol Engine Per 


formance Times Eng. Supp., no. 564, Oct. 1921 
p. 277 Notes on increasing power output 
Supercharging Supercharging Engines, € H I 
Alston Automobile Engr vol. 11, no. 155, Oct 
1921, pp. 337-341, 2 figs Discusses advantages 


and disadvantages; its application to aircraft, road 
motor vehicles, marine stationary, and portable 
engines, ct 

[See also AIRPLANE ENGINES; DIESEL 
ENGINES; KEROSENE; OIL ENGINES, SEMI 
DIESEL ENGINES.] 


IRON 


Gray, Oxygen in Discusses Problems of the Foun 
dry, J. Shaw Foundry, vol. 49, no. 19, Oct. 1, 
1921, pp. 759-761 Discusses differing view of 
metallurgists regarding effect of oxygen in gray iron 
Methods of making physical test4 and their effects 
on results are pointed out. 

Oxygen in, Determination A New Method for the 
Determination of Oxygen in Iron (Ueber ein neues 
Verfahren zur Bestimmung des Sauerstoffs im Eisen), 
P. Oberhoffer and O. von Keil. Stahl u. Eisen 
vol. 41, no. 41, Oct. 13, 1921, pp. 1449-1453, 6 figs 
By employment of new method, iron- and manganese 
oxygen compounds in all mixture proportions can be 
completely reduced; with iron- and silicium-oxygen, 
compounds, whose silicic-acid contents do not ex- 
ceed 20 per cent, at least 93 per cent of total oxygen 
content can be reduced 

Pig and Cast, Composition of. Composition of 
Pig Iron and of Cast Iron, Y. A. Dyer. Iron Age, 
vol. 108, no. 20, Nov. 17, 1921, pp. 1267-1270 
Chemical and _ structural composition. Various 
elements, their characteristics and effect on metal 
Oxygen in iron 


IRON AND STEEL 


Tests. Experiments on Properties of Iron and Steel 
to Resist Wear (Undersékning rérande jarns och 
stAls samt en del andra kroppars férmAga att motstA 
notning), J. A Brinell Jernkontorets Annaler, 
vol. 105, no. 9, 1921, pp. 347-398, 22 figs Describes 
series of tests made, and abrasives used; gives table 
of results. 


IRON CASTINGS 


Reversed Chilled. Steel Addition to Pig Iron and 
Reversed Chilled Casting (Stahlzusatz zum Roheisen 
und der umgekehrte Hartguss), E. Piwowarsky. 
Giesserei-Zeitung, vol. 18, no. 26, Oct. 3, 1921, pp 
356-359, 7 figs Writer seeks to establish relation 
between chemical analyses and the congealing dia- 
gram of iron-carbon alloys. Bibliography. 


IRON, PIG 


Mixer. Pig Iron Mixer. Eng. Progress, vol. 2, no. 10, 
Oct. 1921, pp. 227-230, 8 figs. Advantages of mixing 
process; rolling and tilting mixer; electrical tilting 
device. 

Synthetic. Synthetic Foundry Pig Irons in Germany. 
Iron Age, vol. 108, no. 18, Nov. 3, 1921, pp. 1137- 
1138. Methods of production during war to over- 
come scarcity of low phosphorus irons; their proper- 
ties; charcoal iron. Translated from Stahl u. Eisen, 
June 30, 1921. 


MECHANICAL ENGINEERING 


K 


KEROSENE 

Carburation. Carburation of Kerosene and the Ac 
tion of the Walls (La carburation par le petrole 
lampant et l'action de paroi G. Lumet femoirs 





et Compte Rendu des Travaux de la Société des In 


génieurs Civils de France, vol. 74, no. 4-5-¢ April 
June, 1921, pp. 291-300 Discusses effect of coolir 
the walls and vives results of tests made. also table 


LABOR 

Hours of Work. ‘The Eight Hour Law (La Loi d 
Huit Heure Léon Repriels Révue | t 
des Mines, vol. 10, no. 6, Sept. 15, 1921, pp. 654-67 
Discusses its provisions and it ipplicatior ul 


why Belgium cannot ratify the Washington 
hour convention 


Organization. The Purpose of the 





Lab Art 
in Automotive Industri« Harry Tip Auto 
motive Industries, vol. 45, no. 15, Ox 192 
pp. 732-733 Points out necessity for tudvit 
human side of production activities with a view to 
preventing trouble rather than wai for dif 





culties to arise and then attempting to find a remedy 
Production cost depends largely upor humat 
organization 


LABOR TURNOVER 


Problem. 4 Common Sen Attack on Turnover 
James R Adams Indu Managment ol. ¢ 
no. 5, Nov. 1921, pp. 208-302, 4 figs Writer t 








what has been done by Studebaker Corp. under 
present conditions, to make employee appreciat 
management's problems and to enlist their intel 
coéperation for the ce« ‘ good 
LABORATORIES 
Applied Mechanics \ Laboratory of Applied 
Mechanics (Notice sur le Laboratoire de Mécaniqt 
appliqués J. Be F. Keelhoff, G. Van Engel 
©). Steels Ann l’Associatio | I 
Sortis ds Ecole Spécial de Gand 1 Il 
Series, 1921, pp. 130-148 Diss 
ind equipment for teaching purp« 


Gas The Industrial Laboratory of the B 
Co. (Le Laboratoire industriel 
Bourbonnais |. H. Brodin l ! 
vol. 2, no. 17, Sept. 1921, pp. 554-560, 4 fis D 
cusses development and « upment dedicated to 
interests 

Scientific Industrial Research A Moderr 
tific Industrial Research Laboratory and Its | 











Results (Un exen de laboratoire moderne p 
recherches de science industriell sé pret 
résultats Georges Baume Révue Généra | 
l'Electricité, vol. 10, no. 12, Sept. 24, 1921, pp ) 
OR Discusses laboratory of Société de Rect ; 
et Perfectionnements Industriels, founded in 1919 


at Puteaux, and how it works 


LATHE TOOLS 


Circular Form Tools. Designing Circular For 
Tools Eng. Production, vol §, no. 55, Oct 
1921, pp. 370-371, 2 figs 
formulas 

Apron Design. Lathe Aprons, A. Clegg. E: 
Production, vol. 3, no. 55, Oct. 20, 1921, pp. 373-378 
12 figs Comparison between typical English and 
American designs 

Economical Operation. Study of Economical 
Lathe Operation with Special Regard to the Cutting 
Pressure (Ein Beitrag zur Erforschung der Wirt 
schaftlichkeits an Drehbinken unter besonderer 


Describes use of practical 


Beriicksichtigung des Schnittdruckes Herbert 
Sack Betrieb, vol. 3, no. 25, Sept. 15, 1921, pp 
800-813, 21 figs. Investigation of effective power 
and its dependence on feed and depth of cut in con 
nection with detachment of chip A diagram is 


developed from which the cutting speed for cross 
section of every chip can be obtained 

Feed Reverse Mechanisms. The Design of Feed 
Reverse Mechanisms for Lathes, A. Clegg Mach 
inery (Lond.), vol. 19, no. 472, Oct. 13, 1921, p 
34-39, 13 figs Discusses the tumbler, fixed center 
bevel, and planetary or epicyclic gears, and their 
advantages and disadvantages 


Headstock Design. Improved Lathe Headstoc 


Details and their Jigs, Hubert Bentley Eng. & 
Indus. Management, vol. 6, no. 15, Oct. 13, 1921 
pp. 398-399, 4 figs Describes very simple and 


successful type of spring-locking bolt and jig em 
ployed to ensure accuracy in drilling of locking bolt 
holes in both cone and gear wheel 

‘‘Non-Stop’’ Methods. Devices for Repetition 
Work. Eng. Production, vol. 3, no. 56, Oct. 27, 
1921, pp. 392-393, 4 figs. Describes certain non- 
stop methods, by means of which lathes or machines 
are kept running. 

Oerlikon Works, Switzerland. Recent Machine- 
Tool Developments. Engineering, vol. 112, no 
2915, Nov. 11, 1921, pp. 652-656, 23 figs Describes 
new lathes made by Swiss Machine-Tool Works, 
Oerlikon, Two designs are built, one with three- 
stepped belt cone pulley drive, and one with single- 
pulley, and all-geared head. 

Turret. Production Work in the Locomotive Shop. 
Machy. (N. Y.), vol. 28, no. 3, Nov. 1921, pp. 228- 
— 3 figs. Application of the Bullard vertical turret 
athe, 


Turret and High-Speed Lathes (Revolverdreh- 
bank und Schnelldrehbank), R. Ende. Betrieb, 


8! 


vol. 3 no. 25, Sept. 15, 1921, pp. 789-797, 8 fiz 
Points out as an example that round parts can be a 
accurately machined on a turret as on a high-speed 
lathe, without employment of skilled labor required 
for latter machine Thus initial increased cost of 
installation is often made up within a year's time 


LIFTING MAGNETS 
German Type. Lifting Magnets (Lasthebemagnete 


Glasers Annalen, vol. 89, no. 5, Sept. 1, 1921, p 
54-56, 8 figs Describes construction, handlir and 
uses of lifting magnet with special referet to t 
Demag (Duisburg, Germany) typ« 

LIGHTING 

Exterior and Interior Improved Practice 
Exterior and Interior [lumination Ele World 
ol. 78, no. 20, Nov 12, 1921, pp. 971-974, 8 fig 
Broadenins applications of modern = equi 


yielding greater service to industry and hom« 
Factory Better Illumination Cuts Production Cost 
Ward Harrison, Orville F. Haas and Fred W. Dopk« 


Elec. World, vol. 78, no. 16, Oct. 15, 1921, pp. 7¢ 
764, 2 fig Test data show increase in producti 
of 12.2 per cent due to installation of modern lightir 
ystem Tests made by Dover Mfg. Co Dover 
Ohio 

LIGNITE 

Water-Soluble Ash Importance of Water-Solubl 
A 


in the Evaluation of Lignite Wichtigkeit det 








wasserloéslichen Asche bei der Verwertung der 
Braunkohile Th. Limberg Feuerungstechnik, vol 
4, no. 22, Aug. 15, 1921, pp. 205-207 Points out 
importance of analysis of composition of ash, and 
discusses influence of water-soluble ash on the dif 
ferent products of lignit« 

LOCOMOBILES 

German Type. The Overtype St nit, H 
Keay Pratt Mech. World, vol. 69, no Fet 4 
1921, py 141-143, 1 fig Discusses develo; 
f loco by R. Wolf of Magdeburg, ¢ 

per of coal in special trial Advan 

and deta ol operation 


LOCOMOTIVE BOILERS 





Fire Tubes, Mounting Mounting and Fixing Fir 
ube n Locomotive Boiler Le montag t la 
| t a fumée dans k raudiér d 
locomoti H. Gallon La Technique Moderne 
i 3 Feb. 1921, pp. 59-62, 12 fis Db 
1utomatic apparatus for the purpose 
LOCOMOTIVES 
Boosters rr} Locomotive Booster As an Operatin 
Factor R k vol. 69, no. 15, Oct. 8, 1921, py 
tt 119, 16 f Results of tests made with f 
new Pacific and o Mikado types of locomotiv« 
fitted with booster Operating characteri 
Economic Use of Steam. On the Question of tl 
Eco ic Production and 1 of Stear 1 Loco 
motive Maur Lacoin Bulletin Internationa! 
Ry ! vo 9, Sept. 1921, pp. 1157-1204 
> gs Discuss steam superheating and com 
pounding packings valves feedwater heating 
water t boiler cale, combustion control, et« 





Appendixes 

Economical Design Avoidable Waste in Locomo 
tive Operation as Affected by Design, James Parting 
ton Mech. Eng vol. 43, no. 11, Nov 1921, pp 


729-730 Points out that best way to overcome 
waste is to design locomotive so that it will fulfill 
ficiency requirements of (1) a drawbar horsepower 
for minimum amount of fuel 2 for minimum 


amount of weight of locomotive and tender. and 
for minimum cost of repairs, and shows how thes 
are secured, Abstract.) 
Feedwater Heating. Feed Water Heating on thi 
London & North Western Railway Ry. Gaz., vol 
35, no. 16, Oct. 14, 1921, pp. 572-574, 2 figs De 
tails of latest application of Weir feedwater heating 
system and pump to “George the Fifth’ 
express locomotive 
Floating Bushings. The Development of Floatin, 
Bushings Ry. Rev., vol. 69, no. 17, Oct. 22. 1921 
pp. 535-538, 5 figs Describes early development 


class of 


and recent application to new locomotives br.ilt by 
Am. Locomotive Co 

Mallet. Virginian Mallet Locomotives Ry hl 
vol. 27, no. 10, Oct. 1921, pp. 12-13, 1 fig Tractive 


power 147,200 lb. working compound and 176.600 
b. working simple; 2-10-10-2 type ( 


with 2-8-8-2 type 
Mexican Railways. New Power for Rehabilitation 
of Mexican Railways Ry. Rev., vol. 69, no. 18 
Oct. 29, 1921, pp. 578-580, 5 figs Baldwin builds 
nearly 100 locomotives comprising five distinct ty pe 


»Mmparison 


for service on heavy grades See also Ry. Age, vol 
71, no. 20, Nov. 1912, 21, pp. 937-939 
Northern Pacific. New Locomotives for the North 
ern Pacific Ry. Age, vol. 71, no. 17, Oct 22, 1921 
pp. 767-769, 3 figs. Pacific type for heavy fast 
service Mikados, mallets and switchers follow lines 


of earlier designs. 

Operation. Traveling Engineers Present Valuable 
Reports. Ry. & Locomotive Eng., vol. 34, no. 10 
Oct. 1921, pp. 295-271. Discusses operation and 
maintenance of oil-burning locomotives, self-adjusting 
wedges, feedwater heaters, devices for increasing 
tractive power, and operating stoker-fired locomo- 
tives. Report of Executive Committee 

Paulista Railway, Brazil. Electric Motive 
for Paulista Railway. Ry. Age, vol. 71, no. 16, 
Oct. 15, 1921, pp. 721-722, 3 figs. Describes electric 
freight and passenger locomotives for Brazil; tractive 
efforts at 25 per cent adhesion 58,500 Ib. and 51.000 
Ib. respectively. 

Thermic Siphons. The Installation and Operation 
of Thermic Syphons. Boiler Maker, vol. 21, no. 10 


Power 














82 


Oct. 1921, pp. 273-277, 12 figs. Discusses applica- 
tion to locomotives as an_ efficiency-promoting 
device. 

Valve Gear. Poppet Valve Gear for Steam Loco- 
motives (Weiteres tiber die Ventilsteuerung bei 
Dampflokomotiven), H. Wittfeld. Zeit. des Ver- 
eines deutscher Ingenieure, vol. 65, no. 44, Oct. 29, 
1921, pp. 1141-1142, 10 figs. Supplementary to 
article in same journal (no. 24, p. 623), a special 
type of Lentz gear is described and compared with an 
older type. 


LUBRICATION 


Tests on Steam and Gasoline Engines. Compara- 
tive Lubrication Engineering. Sci. Lubrication, 
vol. 1, no. 9, Sept. 1921, pp. 18-21. Describes 
test on small-power Corliss engine, and on a Conti- 
nental motor, giving some interesting dilution data. 


LUBRICATING OILS 


Castor and Mineral-Oil Mixture. Tests of Castor 
Oil and Mineral-Oil Mixtures on Gnome Rotary 
Engine, O. J. May and Howard Cooper. Sci. 
Lubrication, vol. 1, no. 9, Sept. 1921, pp. 10-14, 
6 figs. U.S. Army Service report discussing method 
and results of tests made. 


M 


MACHINE CONSTRUCTION 


Allowances. Determination of the Required Allow- 
ance Dimensions for Different Constructions (Fest- 
stellung der erforderlichen Passmasse fiir die = 
schiedenen Erzeugnisse), W. Kiihn. Betrieb, vol. 
no. 26, Sept. 25, 1921, pp. 406-411, 8 figs. a 
when limit gages should be used and how selection 
of allowance dimensions for a given construction 
piece should be made. 

Record of Materials. Record of Materials Used in 
Machine Construction. Machinery (Lond.), vol. 19, 
no. 471, Oct. 6, 1921, pp. 1-3, 4 figs. Gives details 
of a ‘“‘commodity book” in which are recorded all 
materials and standard parts used by the firm, 
these records are kept up-to-date. Various ad- 
vantages are claimed for this book. 


MACHINE SHOPS 


English. Famous British Works. Eng. Festustion, 
vol. 3, nos. 55, 56 and 57, Oct. 20, 27 and Nov. 3, 
1921, pp. 362-363, 4 figs., 386-388, 4 figs., and 410- 
411, 2 figs. Oct. 20: Worcester works of Heenan 
& Froude, Ltd., for manufacture of Froude dyna- 
mometers, Heenan air filters, oil and water coolers, 
refuse destructors, and refrigerating machinery. 
Oct. 27: Works of Marshall, Sons & Co., Ltd., 
Gainsborough, Lincolnshire, for manufacture of 
engines, boilers and machines. Nov. 3: Works of 
John Fowler & Co., Ltd., Leeds, for manufacture of 
steam plows, road- transport and heavy-haulage 
engines, traction engines, etc. 

The Wellman-Smith-Owen Engineering Works 
at Darlaston. Iron & Coal Trades Rev., vol. 103, 
no. 2798, Oct. 14, 1921, pp. 545-546, 18 figs. on pp. 
547-550. Describes machine, fitting and erecting, 
and pattern shops, laboratory, welfare section, etc. 

Layout. Building Machine Tools in a New Plant, 
F. L. Prentiss. Iron Age, vol. 108, no. 17, Oct. 27 
1921, pp. 1070-1075, 16 figs. Arrangement, trans- 
portation system, routing of material and lighting 
are features of Colburn Machine Tool Co., Cleveland, 
Ohio. 

Factory Lay-out as an Aid in Reducing Costs. 
Machy. (N. Y.), vol. 28, no. 3, Nov. 1921, pp. 182- 
185, 8 figs. Describes new plant of Colburn Machine 
Tool Co., Cleveland, Ohio, laid out with view to 
economy in manufacturing. 

A Machine Tool Shop of Unusual Construction, 
Fred H. Colvin. Am. Mach., vol. 55, no. 17, Oct. 
27, 1921, pp. 668-670, 8 figs. Description of Col- 
burn Machine Tool Co., Cleveland, Ohio. 

Steam Turbine. New Works of the Compagnie 
Electro-Mécanique at Bourget (Seine) [La nouvelle 
usine de la Cie. Electro-Mécanique au Bourget 
(Seine)], Ch. Dantin. Le Génie Civil, vol. 78, 
no. 26, June 25, 1921, pp. 541-545, 8 figs. Describes 
constructional details of works, all _ reinforced 
concrete, 


MACHINE-TOOL INDUSTRY 


Orient as Market. The Orient As a Machine-Tool 
Market, W. H. Rastall. Am. Mach., vol. 55, no. 18, 
Nov. 3, 1921, pp. 730-5. Data on pre-war growth 
of foreign business and growth since 1913; foreign 
markets other than European. How to sell machin- 
ery in Asia. Address before Machine Tool Builders. 


MACHINERY 


Dismantling. Valuable Hints on the Dismantling 
of Machinery. Can. Machy., vol. 26, no. 15, Oct. 
13, 1921, pp. 29-32, 8 figs. Discusses separation of 
rusted parts, seized parts, forcing methods, and bolt 
action. 

Perforated-Record Control. The Control of Mach- 
ines by Perforated Records, Emanuel Scheyer. 
Am. Mach., vol. 55, no. 19, Nov. 10, 1921, pp. 743- 
747, 8 figs. Principles of pneumatic and electric 
control of machinery. Difficulties of automatic 
control. Machines controlled by paper records. 

Power Consumption. Determination of the Power 
Consumptio#YROI of Machinery (Bestimmung des 
Kraftbedarfes von Arbeitsmaschinen). Elektrotech- 
nischer Anzeiger, vol. 38, nos. 149, 150, 151, 152 and 
153. Sept. 20, 21, 24 and 27, 1921, pp. 1065- 
1066, 1073-1074, 1079-1080, 1087-1088 and 1095— 
1096. 11 figs. Notes on numerical determination 
of power consumption; determination by comparison 
with machines of same construction type, but differ- 
ent output; determination through measurement. 





MECHANICAL ENGINEERING 


MANGANESE STEEL 
Castings, Grinding. Grinding Manganese Steel 


Castings, F. B. Jacobs. Foundry, vol. 49, no. 19, 
Oct. 1, 1921, pp. 767-770, 8 figs. Frogs and switches 
produced from accurate patterns and carefully 
molded. Ground because too hard to machine. 
Annealed before grinding. Wheels are coarse grit 
in hard grades. 


MARINE STEAM TURBINES 
8.8. Giulio Cesare. The Machinery of the Four- 


Screw Geared Turbine S.S. “Giulio Cesare."" En- 
gineering, vol. 112, no. 2915, Nov. 11, 1921, pp. 662 
664, 18 figs. partly on supp. plate and p. 666. Con- 
structed by Wallsend Slipway and Eng. Co. Ltd 


MATERIALS 
Testing. Testing Materials, T. W. MacAlpine 


Eng. & Indus. Management, vol. 6, no. 18, Nov. 3, 
1921, pp. 498-499. Plea is advanced for formation 
of a British national testing organization. 


MEASURING MACHINES 
Internal Diameters. A Machine for the Measure- 


ment of Internal Diameters, G. A. Tomlinson. 
Engineering, vol. 112, no. 2912, Oct. 21, 1921, pp. 
558-560, 6 figs Describes method and machine 
developed at Nat. Physical Laboratory, Teddington, 
England, which is said to give high accuracy and 
allow inside diameter to be explored to any extent 
necessary. 


METALLOGRAPHY 
Foundries. Applications of Metallography in Iron, 


Steel and Malleable Foundries (Anwendungen der 
Metallographie in der Eisen-, Stahl- und Temper- 
giesserei), Rudolf Stotz. Giesserei-Zeitung, vol. 18, 
nos. 24, 25 and 27, Sept. 20, 27 and Oct. 11; 1921, 
pp. 325-328, 341-344 and 370-372, 43 figs. Notes 
on microscopic investigation of iron castings. Paper 
read before Assa. German Foundrymen. 


Microscopic Examinations. Metallography—The 


Microscopic Study of the Structure of Metals, Henry 
S. Rawdon. Am. Mach., vol. 55, no. 17, Oct. 27, 
1921, pp. 659-664, 29 figs. Value of metallurgical 
science in industry; uses of the microscope. Study 
of metallic structures. Results of microscopic 
examinations 


Optics of. The Optics of Metallography, W. I. 


Patterson. Trans. Am. Soc. for Steel Treating, 
vol. 2, no. 2, Nov. 1921, pp. 108-132, 36 figs. Deals 
with important optical parts of microscopes 


METALS 
Cold Work, Effect of. Strengthening Metals by 


Cold-Work, E. Heyn. Chem. & Met. Eng., vol. 25, 
no. 16, Oct. 19, 1921, pp. 735-736, 2 figs Explains 
nature of changes in cold worked metal, elastic and 
plastic deformation, etc. From Metall und Erz, 
1918, Nos. 22 and 23 


Protective Coatings. Metal Coatings as Protection 


Against Corrosion (Metaliiberziige als Rostschutz- 
mittel), Werner Lange. Zeit. fiir Metallkunde, 
vol. 13, no. 9, June 1921, pp. 267-275, 36 figs 
Discusses protective coatings of lead, tin and alumi- 
num. 


Refinement Tests. Refinement Tests with German 


Metals (Veredelungsversuche mit inlandischen 
Metallen), H. Hanszel. Zeit. fiir Metallkunde, vol 
13, no. 10, July 1921, pp. 319-329, 1 fig. Deals with 
aluminum, mild steel, cast iron and electron, and 
discusses methods for testing of metals and alloys 


Rolling. Metal Rolling (Le Laminage), Sigma. 


La Métallurgie, vol. 53, no. 40, Oct. 6, 1921, pp 
1884-1887 Discusses longitudinal or _parrallel 
rolling; cross or circular rolling, i.e., reeling; and 
helicoidal or oblique rolling, as for Mannesmann 
tubes. 


Structural Properties. Structural Properties of 


Metals and Alloys, R. W. Woodward. Am. Mach.; 
vol. 55, nos. 15 and 16, Oct. 13 and 20, 1921, pp 
596-599 and 636-638, 2 figs. Applicability of metals; 
factors of strength and elasticity; compression; 
ductile and brittle materials; fatigue; thermal, mag- 
netic and optical properties; corrosion. 


METRIC SYSTEM 
Arguments Pro and Con. The Metric System of 


Weights and Measures, David A. Molitor. fi. 
Eng. Inst. Can., vol. 4, no. 11, Nov. 1921, pp. 569 
572. Advantages of system, legal problems, tran- 
sition steps. 

Metric versus English System. Eng. & Contract- 
ing, vol. 56, no. 18, Nov. 2, 1921, pp. 426-427 
Summarizes points in favor and opposed to metric 
bill. Reprinted from Lefax. 


MILLING CUTTERS 
Formed. Formed Milling Cutters, George H. 


Strain. Machinery (Lond.), vol. 19, no. 474, 
Oct. 27, 1921, pp. 109-112, 18 figs. Factors in 
design which eliminate waste of driving power; 
cutting angles, rake and clearance of circular tools; 
standards for convex and concave formed milling 
cuttings. 


MILLING MACHINES 
Heavy Vertical. Investigation of a Heavy Vertical 


Milling Machine (Untersuchung einer schweren 
Senkrechtfrasmaschine), Willi Mitan. Zeit. des 
Vereines deutscher Ingenieure, vol. 65, no. 43, Oct. 
22, 1921, pp. 1116-1118, 13 figs. Construction and 
operation of new machine by Fritz Werner Corp. 
Berlin-Marienfelde, for unwieldy workpieces. Cal- 
culation of feeds and speeds. Performance tests. 


Rotary. Reducing Costs by Rotary Milling. Machy 


(N. Y.), vol. 28, no. 3, Nov. 1921, pp. 202-205, 10 
figs. Examples of work advantageously handled 
on Becker vertical rotary milling machines. 


MOLDING MACHINES 
Modern. Modern Molding Machines (Neuere Form 
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maschinen), U. Lohse. Giesserei-Zeitung, vol. 18, 
nos. 23, 24 and 25, Sept. 13, 20 and 27, 1921, pp. 
308-311, 331-335 and 344-348, 20 figs. Construc- 
tion development during recent years. Deals with 
hand and power-molding machines, pattern machines 
with lifting carriage, stripping-plate and roll-over 
machines, etc. 


MONEL METAL 


Welding. Monel Metal Welding, Michael Dzamba. 
Welding Engr., vol. 6, no. 10, Oct. 1921, pp. 41-42. 
Discusses welding generally, also welding of rods, 
sheets and castings, and soldering 


MOTOR PLOWS 


Engines. The 45 60-Hp. B.M.W. Motor-Plow En- 
gine (Der 45,60 B.M.W. Pflugmotor), Otto Schwager. 
Oel- u. Gasmaschine, vol. 18, nos. 6 and 10, June 
and Oct., 1921, pp. 97-104 and 164-165, 7 figs. 
Details of engine built by the Bavarian Motor Works 
Corp., Miinich, based on their experiences in con- 
struction of aeroplane engines. Test results with 
described engine. 


MOTOR TRUCKS 


Future. The Motor Truck of the Future, Roliin W. 
Hutchinson. Indus. Management, vol. 62, no. 5, 
Nov. 1921, pp. 257-261, 4 figs. What permanent 
highways, pneumatic tires and ferro-steel will do in 
revolutionizing motor-truck engineering 

German. German Motor Trucks and Tractors 
(Der Kraftwagen als Nutzfahrzeug). Allgemeine 
Automobil-Zeitung, vol. 22, nos. 29, 30 and 31, 
July 16, 23 and 30, 1921, pp. 23-26, 26-30 and 21-26, 
32 figs. Details of various types, including de livery 
trucks, tippers, timber-hauling trucks, hearses, 
Street sprinklers, hook-and-ladder cars, omnibuses, 


etc. 
NICKEL ALLOYS 


Nickel-Aluminum-Copper. The Properties of Some 
Nickel-Aluminium-Copper Alloys, A. A. Read and 
R. H. Greaves. Metal Industry (Lond.), vol. 19, 
no. 13, Sept. 23, 1921, pp. 232-239, 23 figs Dis- 
cusses preparation; rolling and machining; tensile 
tests; properties of cast, cold-rolled and heat-treated 
alloys, etc. Paper read before Inst. of Metals 


NICKEL METALLURGY 


Rolling. Rolling Pure Nickel, A. E. Surface. Sei 
Am., vol. 125-A, no. 17, Nov. 1921, p. 34, 3 figs 
Describes rolling of 99-per cent pure nickel into the 
various shapes into which mild steel is rolled, accord - 
ing to method developed by Charles T. Hennig 
and carried out at plant at Hyde, Pa 


NUTS 


Acme Thread. Making an Accurate Acme Thread 
Nut, B. M. W. Hanson Machy. (N. Y.), vol. 28, 
no. 3, Nov. 1921, pp. 197-199, 4 figs. Notes on 
difficulty of obtaining proper contact between 
screw and nut; use of roughing and finishing taps; 
lubrication when tapping; holding an Acme tap in a 


turret lathe. 

OIL ENGINES 

Marine. Oil Fuel Burning Installation on SS 
“Paris” (Installation de la chauffe au pétrole sur le 
paquebot “Paris’'). Bulletin Technique du Bureau 
Véritas, vol. 3, no. 8, August 1921, pp. 181-185, 4 
figs. (In English on pp 186-188.) Discusses 
storage, piping, pumps, burners and operation, and 
gives test data. 

Still. The Still Engine. Mar. Engr. & Naval 
Architect, vol. 44, no. 528, Sept. 1921, pp. 36—40, 
4 figs Describes engine which may be two-stroke 


or four-stroke type; burns gas, petrol or oil. Ad- 
vantages, starting, overload, efficiency, etc 


OIL FUEL 


Burning. The Burning of Oil Fuel, A. Keens. Mar. 
Engr. & Naval Architect, vol. 44, no. 529, October 
1921, pp. 76-85, 12 figs. Discusses various types of 
machinery and its arrangement for burning oil fuel. 
Observations and comments derived from experience. 

Combustion. Combustion of Fuel Oil, Percival J. 
Woolf. Iron & Coal Trades Kev., vol. 103, no. 
2797, Oct. 7, 1921, p. 504. Discusses drawbacks 
of excess of air supplied for rapid combustion, 
advantages and disadvantages of an additional 
combustion chamber, and the Sklovsky patent for 
eliminating excess air. Extract of paper read 
before Refractory Matls. Section of Ceramic Society 

Handling. Security in Handling Inflammable Liquids 
Chem. Age (Lond.), vol. 5, no. 119, Sept. 24, 1921, 
pp. 372-373, 1 fig. Describes Maucleére patent for 
storage and protection of petrol which also permits 
distribution either in a continuous flow or in pre- 
determined quantities. 

Mexican. The Production and Combustion of Mexi- 
can Fuel Oil—VII, J. M. Pettingell and J. R. Carlson, 
Combustion, vol. 5, no. 5, Nov. 1921, pp. 209-212, 
7 figs. Describes use of Mexican oil in various 
metallurgical furnaces, although sulphur content is 
high. 

Power Uses. The Application of Oil to Power Pur- 
poses, Sydney H. North. Trans. Inst. Mar. Engrs., 
vol. 33, Sept. 1921, pp. 325-331. Shows increase in 
water evaporated per Ib. of oil, and in thermal effi- 
ciency of Diesel engines. 


OIL STORAGE 
Shipyard Plant. Shipyard Bulk Storage Oil and 




















JANUARY, 


Paint Plant Engineering, vol. 112, no. 2914, Nov. 4 
1921, p. 632, 10 figs. partly on p. 634 Describes 
installation at new yard of Furness Shipbuilding Co 
designed with steel storage tanks and automati 
measuring pumps for distribution of oil layout 
being uch as to reduce cost and increase ease of 
handling 

OILS 

Linseed \ir Required in Baking Core Made 
With Linseed On!, A. A. Grubb and 1 S. Jamison 
Chem. & Met. Eng., vol. 25, no. 17, Oct. 26, 1921, pp 
793-795 Results of laboratory and plant experi 
ments on consumption of air and oxygen in baking 
linseed oil-bound core together with a review of 
ivailable data on absorption of o gen by linseed oil 
in drying 


P 


PARACHUTES 


Aeronautical Life Belts Parachute I Ord 
Lee Aviation, vol. 11, no lt and 1 Oct ia 
24, 1921, 1 151-4 ind 48 tSS. 5 fig I) 
parachut tl of aeronautica t 
for pil ind " t Lecture befo R 


PETROLEUM 





Catalytic Oxidation The Catalytic Oxidatior 
Petroleum ¢ I Water | Indu & | 
Cher 1 13. no. 1 >) 9: pp wy or I) 

ly rela ‘ dation of 
and at 1 , internal-coml 
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PIPE, CAST-IRON 

Manufacture ast-Ir | The Method 
Mar tur nd Its Ir tion, Wihia RK mrad 
p I Water Work \ ol no. 3 ept. 1021 

a -U a | | " , 24) 7 ‘ ‘ 
I) manufacturing detail including dry 
po ea and testin 

Standardized tandardized Cast Tron Pipe I 
Productiot y1 Oct 7. 1921. pp. 401-404 
! I) thod inton Ironwork 
( Ltd i I ind i xa 

Ivanta attenda ) t lardization of j 
product 

PIPE, STEEL 

Butt-Welded } I ent n t Mar 
factur f Welded |! I N peller I 
I " Plat ; » 10. Oct. 1902 

SO- 5S ! t ‘ een many i 

" ia butt-welding pi ! 
introduct f th the method of f 
has not en materially inged for some time 

Hammer- Welded \ Han Welded 1] 
Iror vol. 108. me 1s 4 ] 

1! i » Ire Trade } “a S 
1 is r; f Prod 
tional I »., Pit l eel plat are 
tor ured i and « rlat 1 are heated 
and wel ler ha Hammer-weld 
adapted t i Protective coat 
applied 
Ha \\ led I It fanufacture and 
‘ i ’ no Ww ‘ o ; ; 
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t t and) =efficiency I) 
rit " I ‘ | ‘ line Abstrac 
ational Bul. No | hed Nat Tube Ce 


Manufacture Bessemer Plant of Steel & Tube Cor 
oem i 


any. Gill \ 108 no 
Nov 1. 102] ' 11090 120 ll f Latest 
levelopments in de n and equipment embodied 
iddition to Mark work Chica for manufactur 
PISTONS 
Aluminum, Machining Precision Machine Work 
the Production of Aluminum Pistor |. Edward 
chipper Automotive Industries, vol. 45, no. 15 
Oct 1 1921 yt 722-725 15 figs Methods 


mploved in manufacturing pistons for Essex engine 


»pecial care exercised in machining piston pin hole 
square with piston axis, and in aligning piston with 
evlinder bors 

Machining Machinin Hudson Super-Six Piston 
Machy N. ¥ vol. 28: no Nov. 1921, pp. 225 
227, 5 fig Methods used by Hudson Motor Car 
Co. in producing pistons with high-production mach 


inery at low cost 


PLATES 


Perforated, Stresses in. Increased Stress Caused 
by Circular Holes in a Plate Under Tension (Ueber 
die Spannungserhéhung durch kreisférmige Lécher 
in einem gezogenen Bleche Th. Péschl Zeit. fiir 


Mechanik, vol. 1, no. 3, 
Derivation of formu 
stress caused by a 
rivet holes ina plate 


angewandte Mathematik u 
June 1921, pp. 174-180 
las for determining increase in 
number of holes, as for example 


POWER 


Industrial, Analysis of. 
Power, H. Goodwin Power, 
18, 1921, pp. 584-588, 3 figs Investigations based 
on latest census returns from North Atlantic States 
show more than 76,000 industrial plants, using in 
aggregate over 9,000,000 hp. of which over 2,000,000 
hp. is supplied by steam engines, 600,000 by steam 
turbines, 540.000 by water power, 279,000 by inter- 
nal-combustion engines, and remainder purchased 
power. 


POWER GENERATION 
Cost Systems. 


$ figs 


Analysis of Industrial 
vol. 54, no. 16, Oct 


How to Follow Up Power Costs, 


MECHANICAL ENGINEERING 





N. A. Graigue Indus. Management ‘ 62, no 
Nov. 1921, pp. 275-279, 3 fig Anal and d 
tribution of operating costs to consu 

Fuel Economy Fuel tl dopt rf 
Scientific Management ( r ) d 
Utilization David I Ind 
Management, vol. 6 " Hi, ¢ f 
and 20, 1921, pp. 393-3 "i 4 124 14 
4506, 15 fig Not on f ! f 


feedwater meter 


POWER PLANTS 
Coal Mine Mixed- Pressure Purbis I 











with Regenerator Appre abl ID 
Costs at Nokon ( W h 
no. 19, Nov. 10, 1921, pp 7 7 I 
very mod coa ne | t 
mine Ilinei of Nokor oal 
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Design. Developments in Power Stat DD 
XII, XIIL and XIV\ Er er 
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Babcock | r ut 
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wer nt —= K i 
Plant I ‘ ) SN 
10 D feat , . 
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heater operat 
Superpower rt Performar ind Cost of t 
Superpower vst Artl R ! I 
vol 4. no. 19. No 8, 1921, 1 
\ s fw k per ' 
fact co er r i and 
power system are pr nted. and co 
POWER TRANSMISSION 
Machine Shops lranst I r M 
hops, F. A. Pike. M Vorld 7 s 
Oct. 14, 1921, 1 2908 
direct dri 
PRESSES 
Automobile Parts Pr D i 
Lond 10 17 } 
lof I> 
SY eiree , \ 
PRICES 
Stop-Loss, Finding I ling tl 
Price I t H k I to Ind M 
ment. we Q 
ite way otf estimat ! ‘ ra 
PRODUCER GAS 
Qualitative Regulation D t 
Regulatior f Producer ( \ 
qualitativen Re ung vor ratoreg } 
Nitzschmar I r | 
Au 1 1921, pp. 209-21 9 Di 
pr ipl for ialitat r and d 
art t which i , 
di 
PULVERIZED COAL 
Advantages and Disadvantages I 
Pulverized Coal I Chauffag au 
rise Pp. I ” Mr ir Ce pte |} j 
Travau cle " 1 Ingenieur Ci 
France, ve +- 5-4 April-Jur 1921 
123-172 ) ion of Fuel 1 : 
ippointed r of Pub. Work DD 
actual lev t mn 1 o pulver 1 ¢ i 
Describes in l nm usit t idvanta | 
possibilities and it inconveniences and dar 


See also Révue Universelle des Mines, vol. 1] 
Oct. 1, 1921, pp. 48-56 

Firing With Pulverized Coal (Le Chauffage au 
charbon pulverisé Sigma La Métallurgic vol 
53, no. 38, Sept. 22, 1921, pp. 1781-1782 Dis 
cusses disadvantages and draws conclusions com 
paring these with advantag« Concluded 


Boiler Firing Burning Powdered Coal and Blast 


Furnace Gas at River Rouge, Thomas Wilson 
Power, vol. 54, no. 18, Nov. 1, 1921, pp. 664-670 
9 figs Arrangement and construction of big boiler 
and their control Pulverized-coal equipment and 


gas Performance 


layout of piping and burners 
guarantees and operating force required 


Burning Powdered Coal in Boiler Furnaces, K 
Kita Ji. Inst. Elec. Engrs. of Japan Denki 
Gakkwai Zasshi), no. 399, Oct. 1921, pp. 713-740 


Author tries to make comparison of combustion of 
powdered coal with that of ordinary method, and 
points out important factors to be considered in 
construction of furnace. Bibliography (In Jap 
anese.) 


PUMPING 
Centrifugal and Air-Lift. 


liery Guardian, vol. 122, no 
pp. 933-934. Paper on ‘“‘Modern 
Centrifugal Pumps” by S. F 


Modern Pumping. Col- 
3170, Sept. 30, 1921, 
High Speed 
Barclay and paper on 


I 
Read before 
Management, vol. 6, no s 


PUMPS, CENTRIFUGAL 
Design and Application The tr il I 
I Barclay Engineering “Ul4 
$, 1921, pp. 642-644, 8 fig Not n mechar 
ical design ind ipplicatior \bstract Paper 
read before British A 
Manufacture Manufacturing ents I | 
Western Machy. World ol. 12, no ) ) 1921 
pp 02 7) 12 fig Lyk ri , ' ; 
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Experiments in Air Lift P 
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RAILWAY CONSTRUCTION 
Germany tructior fr eh 


I Aix-la-Chay ‘ Der | 


RAILWAY ELECTRIFICATION 
Austria rr? | trif them aff oles 


Brazil I I ta R uy 
oper 2 R 69. no. 16. Oct 921 


tr +1 ; ered 


Heavy Traction I tr tion Report of the 
R.A. |} El ng 1. 12, me 





70. Sept. 10. 192 
electrification and = give t f 
ictior 

Electrification Progre o1 Italiatr Railway 
Giovanni B. Sant Ry. Ele« Engr 4 


. itt 
10, Oct. 1921, pp. 371-375 
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ment ot ¢« ition on account « ile pr ol 


lectrific 
and no oil resource Ihe Valt t thre 
{;000-volt ystem ha een wor 


yhase, 15-cyck 


or 20 years 
Steel Plant. Electrificatior , 
road, R. B. Gerhardt Blast Furnace & St Plant 
vol. 9, no. 10, Oct. 1921, pp. 613-617 Di 
savings effected in fuel, repairs, labor, and depr: 
tion; also discu safety, frog and switche et 
Abstract Paper read at Assn. Iron & te Ele 
Engrs. Convention 


RAILWAY MOTOR CARS 


Gasoline. Petrol Rail Motor Car Kalka-Simla 
Railway Ry. Gaz., vol. 35, no. 15, Oct. 7, 1921, 
pp. 535-539, 7 figs Describes car for narrow-gage 
mountain service in India under severe working 
conditions, due to steep inclines and many sharp 


curves Design includes several noteworthy features 
particularly gearing and transmission 
struction, and combination of coupled 
radial trucks to give flexibility on curves 

RAILWAY OPERATION 

Automatic Train Control. Automatic Safety 
Apparatus and Automatic Train Control (Appareil 
automatique de sdreté et de contréle des trains), 
Maurice Gouineau. Révue Générale de 1'Elec- 
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tricité, vol. 10, no. 12, Sept. 24, 1921, pp. 406-412, 
10 figs. Describes Regan system as adapted to 
French railroads. 

Cab Signaling and Automatic Stopping of Trains 
(La répétition des signaux sur les machines et l’arrét 
automatique des trains), J. Netter. La Technique 
Moderne, vol. 13, no. 3, March 1921, pp. 101-104, 
7 figs. Criticism of Regan system recently tested on 
Paris-Dreux line; comparison with Rodolausse 
apparatus; systems used by principal French rail- 
roads. 

Interchange of Rolling Stock. On the Question of 
Interchange of Rolling Stock, C. W. Crawford. 
Bulletin International Ry. Assn., vol. 3, no. 9, 
Sept. 1921, pp. 1275-1321. Discusses the question 
as it affects United States, Canada and Mexico 
Gives summary of their regulations and practices, 
also answers to questions sent. Appendixes. 

Passenger Traffic. Handling Heavy Passenger 
Traffic at Doncaster. Ry. Gaz., vol. 35, no. 14, 
Sept. 30, 1921, pp. 493-496 and 507, 4 figs. De- 
scribes the special traffic arrangements made by 
Great Central and Great Northern Railways in 
connection with the race traffic. 


RAILWAY REPAIR SHOPS 


Contract Shop, vs. The Cost of Contract vs. Rail- 
way Shop Repairs, J. W. Roberts. Ry. Age, vol. 71, 
no. 16, Oct. 15, 1921, pp. 729-731, 2 figs. Total 
cost to railroad was 28 per cent greater in its own 
shop than in a contract shop. 

Experimental Scheme. An Experiment in Railroad 
Repair Work, Fred H. Colvin. Am. Mach., vol. 55, 
no. 20, Nov. 17, 1921, pp. 807-808. Securing 
greater interest by local management. Improved 
machinery and buildings. Describes scheme adopted 
by Erie R.R. at Hornell, N. Y. 

Requirements. The Requirements for a Modern 
Car Repair Shop, H. H. Dickinson and Paul Schioler 
Ry. Age, vol. 71, no. 19, Nov. 5, 1921, pp. 890-893, 
3 figs. Type of building, character of tools and gen- 
eral plan for both steel and wood equipment. 


RAILWAY SHOPS 

American Practice. Railway Machine Shop Prac- 
tice—III. Machinery (Lond.), vol. 19, no. 473, 
Oct. 20, 1921, pp. 67-69, 9 figs. Examples of Ameri- 
can practice in machining bearing brasses, axle 
boxes and wedges. 

Machine Tools for. Railway Shop Machine Tool 
Equipment. British Machine Tool Eng., vol. 1, 
no. 2, September-October 1921, pp. 277-399, 188 figs 
A series of articles on railway-shop equipment, in- 
cluding locomotive boiler shop, wheel and axle shop, 
frame shop, spring shop, grinding shop, general 
machine shop, capstan and turret lathes, carriage 
and wagon frames, girder work, etc. 


RAILWAY SIGNALING 


Alternating-Current. Principles of Alternating Cur- 
rent Signaling, John S. Holliday. Ry. Signal Engr., 
vol. 14, no. 11, Nov. 1921, pp. 443-445, 9 figs. 
Explanation of motor and’ generator motion and 
transformer action that produces rotation in an in- 
duction motor. 

Automatic. Road Test of New Automatic Train 
Control. Ry. Signal Engr., vol. 14, no. 11, Nov. 
1921, pp. 431-432, 4 figs. Test conducted on system 
in which no physical contact is made between 
apparatus on locomotive and on roadway. 


Automatic Block. Proposed Modification of Stop- 
and-Proceed Rule. Ry. Age, vol. 71, no. 19, Nov. 
5, 1921, pp. 867-869, 4 figs. Details of practice on 
fourteen roads using “‘tonnage”’ signals, relaxing the 
stop-and-proceed rule. See also Ry. Signal Engr., 
vol. 14, no. 11, Nov. 1921, pp. 429-430. 

Automatic Color Light. The Re-Signaling of the 
Liverpool Overhead Railway. Ry. Gaz., vol. 35, no. 
16, Oct. 14, 1921, pp. 571 and 576, 4 figs., partly on 
p. 570. Describes automatic signaling system on 
electrically operated railroad, using color light signals 
only. 

Block System. Absolute Permissive Block Signal 
System, C. A. Dunham. Ry. Signal Engr., vol. 14, 
no. 11, Nov. 1921, pp. 438-440, 7 figs. Study of 
single track signaling showing track layout and cir- 
cuit diagram and explaining operation of trains 
between sidings. (Abstract.) Paper read before 
Kansas City Sectional Committee Meeting. 

Electric. Principles of Alternating Current Signaling, 
John S. Holliday. Ry. Signal Engr., vol. 14, no. 10, 
Oct. 1921, pp. 389-390, 12 figs. Explaining an easy 
method of constructing vector diagrams and the 
application to track circuit problems. 


Interlocking. Interlocking at a Railway Bridge in 
England, James Benjamin Ball. Ry. Signal Engr., 
vol. 14, no. 11, Nov. 1921, pp. 424-428, 7 figs. 
Interesting signaling features on Keadby Deviation 
Railway and movable span over Trent river. (Ab- 
stract.) Paper read before Inst. Civil Engrs. 

One-Lever Route. One-Lever Route Signaling. 
Ry. Gaz., vol. 35, no. 18, Oct. 28, 1921, pp. 643-648, 
9 figs. A new design of power locking frame whereby 
one lever is used to set up each route, signalman is 
given a visible indication of all that occurs, conflict- 
ing movements are rendered impossible and separate 
point levers are dispensed with entirely. 

Progress, America. Progress of Railroad Signaling 
in America, H. S. Bailiet. Ry. Signal Engr., vol. 
14, no. 11, Nov. 1921, pp. 433-437. Detailed history 
of apparatus and methods used from the days of the 
smoke blanket to present efficient systems. Paper 
delivered before N. Y. Signal Sectional Committee. 

Tunnel Signals. The Electric Signaling nee in 
the Arlberg Tunnel (Zur Geschichte der elektrischen 
Fernmeldeeinrichtungen des Arlbergtunnels), L. 
Kohlfiirst. Elektrotechnische Zeit., vol. 42, no. 34, 
Aug. 25, 1921, pp. 939-943. Describes numerous 
troubles experienced with system installed in 10.25- 
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km. tunnel through which trains driven by steam 
locomotives are operated. A_ telephone cable, 
which when installed measured 8000 microhms re- 
sistance per km. from copper to lead sheath dropped 
in six years to only 0.2 microhm. 


RAILWAY TRACK 


Concrete Supports. Concrete Block Track Supports 
on Italian Railways. Eng. News-Rec., vol. 87, 
no. 17, Oct. 27, 1921, pp. 689-690, 2 figs. Fixed 
and rocking blocks placed longitudinally have rail 
seats at each end. Rockers insure vertical loading 

Maintenance. Distributing Expenditures in Track 
Maintenance, J. L. Starkie. Ry. Maintenance Engr., 
vol. 17, no. 11, Nov. 1921, pp. 403-405, 4 figs 
Gulf, Colorado & Santa Fe is obtaining increased 
interest and efficiency by means of new work records 

Advantages of Budget System for Track Work, 
C. A. Morse. Eng. & Contracting, vol. 56, no. 16, 
Oct. 19, 1921, pp. 370-372. Points out that there 
should be a carefully prepared budget made up in 
fall of year including all probable expenditures of 
coming year outside of ordinary upkeep of track and 
roadbed. Apportioning amounts covered by budget. 
Paper presented before Roadmasters & Maintenance 
of Way Assn. 

Scandinavian Construction. On the Question of 
the Construction of the Road-Bed and of the Track, 
K. Ahlberg. Bul. International Ry. Assn., vol. 3, 
no. 9, Sept. 1921, pp. 1147-1156. Concludes that 
Scandinavian countries will doubtless increase the 
load per locomotive axle considerably without 
changing maximum speeds. Appendix. 

Turntables. Twin-Span Turntables on the Chesa 
peake & Ohio. Ry. Rev., vol. 69, no. 18, Oct. 29, 
1921, pp. 563-568, 12 figs. Particulars of design and 
advantages to be realized in use of this type of 
turntable. Length 100 ft.; carrying capacity 450 
tons; built by Bethlehem Bridge Corp.; used for 
heavy Mallet type of locomotives 


RAILWAYS 


Consolidation. Consolidation of Railroads Ry 
Rev., vol. 69, no. 14, Oct. 1, 1921, pp. 423-437, 29 
figs. Proposed consolidation of railroad properties 
of United States into a limited number of systems 
Tentative plan of interstate commerce commision 
based upon Ripley report. 

Shanghai-Nanking. Notes on the Shanghai-Nan 
king Railway. Ry. Gaz., vol. 35, no. 18, Oct. 28, 
1921, pp. 637-638, 3 figs. Describes general char- 
acteristics, standard gage, high-capacity rolling stock, 
train control, train service, buildings, etc. 


REFRACTORIES 


Fireclays. Effect of Impurities in Fire Clays, C. E 
Bales. Brick & Clay Rec., vol. 59, no. 10, Nov. 15, 
1921, pp. 723-725. Points out that high-grade 
fireclays must be akin to kaolin. Explains coloration 
processes and neutralizing of harmful ingredients 

Furnace Lining. Carborundum Linings for Brass 
Furnaces, M. L. Hartmann. Can. Foundryman, 
vol. 12, no. 10, Oct. 1921, pp. 34-35. Explains 
how carborundum refractories are applied to prob- 
lems in crucible, tilting or rotary, and reverberatory 
furnaces, with records of certain installations 
Paper read at Foundrymen’'s Convention. 

RIVETED JOINTS 

Efficiency. A Criticism of High Efficiency Riveted 
Joints, John S. Watts. Boiler Maker, vol. 21, no. 
10, Oct. 1921, pp. 278-279, 3 figs. Calculations 
indicate that use of multiple riveted joints does not 
increase seam efficiencies 


ROLLING MILLS 


Bar Mills for Alloy Steel. Adapts Bar Mills to 
Alloy Steel, J. D. Knox. Iron Trade Rev., vol. 69, 
no. 20, Nov. 17, 1921, pp. 1275-1281, 12 figs. New 
12 and 18-in. merchant units installed by Ohio 
steelmaker rounds out rolling equipment. Unique 
guide box prevents scrap loss. Rolls adjusted by 
set screws. Description of mills. 

Chambéry, France. Rolling Mill and Foundry of 
the Société l’'Aluminium Francais at Chambéry 
(Ateliers de laminage et de fonderie de la Société 
l’ Aluminium frangais a4 Chambéry), Marcel Blondin. 
Révue Générale de l'Electricité, vol. 10, no. 12, Sept. 
24, 1921, pp. 401-405, 5 figs. Describes equipment 

Electrically Driven. Some Methods of Obtaining 
Adjustable Speed With Electrically Driven Mills. 
K. A. Pauly. Proc. Engrs.’ Soc. of Western Pa., 
vol. 37, no. 3, April 1921, pp. 158-178 and (discussion) 
179-188, 19 figs. Discusses rolling mill practice, 
speed of rolling and systems of speed control. 


S 


SCIENTIFIC MANAGEMENT 
See INDUSTRIAL MANAGEMENT. 


SEMI-DIESEL ENGINES 


Open-Crankcase. The Open-Fronted Surface Ig- 
nition Engine, F. G. Butt-Gow. Trans. Inst. Mar. 
Eagrs., vol. 33, Sept. 1921, pp. 239-269 and (dis- 
cussion) 270-279, 22 figs. Discusses closed and open 
engines and compares cost of manufacture, running, 
overhauling, lubrication, etc. Describes various 
types of open-crankcase engines. 


SHAPERS 

Toolroom Work. A New Soging Machine. Eng. 
Production, vol. 3, no. 55, Oct. 20, 1921, p. 372, 3 figs. 
Describes machine introduced by he Butler 
Machine Tool Co., Ltd., Halifax, designed especially 
for toolroom work. 

SOLDERS 

Investigation. Metal Solders (Zur Kenntnis der 
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Metallote), L. Sterner-Rainer. Zeit. fiir Metall- 
kunde, vol. 13, no. 11, Aug. 1921, pp. 368-379, 6 
figs. Deals with tin-lead, aluminum, binary copper- 
zine, and silver solders, copper-zine solders contain- 
ing tin, and iron, steel and gold solders. Deter- 
mination of composition, melting point, tensile 
strength and hardness, based on which valuation of 
the different solders is given. 


SPRINGS 


Coil. The Manufacture of Coil Springs, A. W. Allen 
Machinery (Lond.), vol. 19, no. 474, Oct. 27, 1921 
pp. 85-89, 17 figs. Coiling machines; open coil 
barrel springs; press operations; eye forming; cutting, 
eyeing and bowing 

Compression. Nested Steel Compression Springs, 
T. F. Stacy. Am. Mach., vol. 55, no. 20, Nov. 17, 
1921, pp. 795-796, 2 figs. Deals with design of 
concentric springs so proportioned that all springs 
are worked to maximum fiber stress 

Design. The Design of Springs, Joseph Kaye Wood 
Am. Mach., vol. 55, no. 17, Oct. 27, 1921, pp. 674 
677, 10 figs. Control of the “spring criterion.” 
Formulas for leaf springs constrained at one or both 
ends. Characteristics of coil, spiral and buffer 
springs. 

A General Method for Spring Design, Joseph Kaye 
Wood Am. Mach., vol. 55, no. 19, Nov. 10, 1921, 
pp. 757-762, 3 figs. Types of springs Economy 
index and load-deflection rate. General formulas 
and table of constants. Parallel scale chart Im 
portance of material index 


STANDARDIZATION 


Automobile Industry. Industrial Standardization, 
Geo. W. Watson. Automobile Engr., vol. 11, no 
155, Oct. 1921, pp. 356-358. Advocates more stand 
ardization in British automobile industry, including 
agricultural tractors, etc. Résumé of presidential 
address before Instn. of Automobile Engrs 


STEAM 


Callendar Equations. The Callendar Equations 
for Steam, Gerald Stoney. Beama, vol. 9, no. 4, 
Oct. 1921, pp. 345-350, 3 figs. Abstract of some of 
the best and easiest ways in which to use these 
equations, with special reference to steam turbine 
practice. 

Production and Distribution Accounting. Ac 
counting for Steam Production and Distribution, 

R. Smith. Power, vol. 54, no. 17, Oct. 25, 1921, 
pp. 630-633, 1 fig Describes two forms of balance 
sheets and enumerates possible losses which can be 
detected by their use. Ways and means and ad 
vantage of metering boiler outputs 


STEAM-ELECTRIC PLANTS 


Diagrammatic Recording in. How Can the Ex 
ecutive Keep in Touch with Plant Economy? C. 
H. Delany. Jl. Electricity & Western Industry, 
vol. 47, no. 7, Oct. 1, 1921, pp. 267-268, 4 figs 
Diagrammatic method of recording results in oper 
ation of a steam electric power plant. 


STEAM ENGINES 
Unifiow. A 200 hp. Uniflow Steam Engine. Power 
House, vol. 14, no. 18, Sept. 20, 1921, pp. 21-23, 
4 figs. Built by Galloways Ltd., Manchester, 
Has a novel high-speed valve gear and compression 
release. 
[See also LOCOMOBILES. } 


STEAM METERS 


Types. Modern Feedwater and Steam Meters 
(Neuere Speisewasser- und Dampfmesser), W. E 
Germer. Zeit. fiir Dampfkesse. u. Maschinenbe- 
trieb, vol. 44, no. 33, Aug. 19, 1921, pp. 259-261, 
3 figs. Details of piston disk meter with cylindrical 
measuring disk; the Woltmann meter for turbine 
condensate; Venturi meter for water and steam. 


STEAM PIPES 


Reducing Resistances in. Economies Obtainable 
by Reducing Resistances in Steam Piping, O. 
Denecke. Mech. Eng., vol. 43, no. 11, Nov. 1921, 
pp. 735-738, 2 figs. Discussion of general principles 
on which design of steam piping in power plants 
should be based, with comparison of formulas sug 
gested for various elements affecting steam consump 
tion as function of resistances encountered to flow of 
steam. Translated from Zeit. fiir Dampfkessel u 
Maschinenbetrieb. 


STEAM POWER PLANTS 


Modern Design. Modern Steam Power Station 
Design, Frank S. Clark. Jl. Franklin Inst., vol. 192, 
no. 4, Oct. 1921, pp. 413-452, 11 figs. Notes on 
present status of turbine design; economical and 
mechanical features of station design; operation of 
plant. 


STEAM TURBINES 


Blading Failures. Low-Pressure Turbine Blading 
Failures in Destroyers, D. F. Ducey. Engineering, 
vol. 112, no. 2913 and 2914, Oct. 28 and Nov. 4, 
1921, pp. 615-619 and 647-650, 15 figs. Results of 
chemical analysis of damaged blades, metallographic 
examination, various heat-treatment, impact-shear 
and bend tests carried out at experiment station 
(Abstract.) Reprinted from JI. Am. Soc. Nav 
Engrs. 


STEEL 


Artificial Seasoning. Artificial Seasoning of Steels, 
H. J. French. Am. Mach., vol. 55, no. 19, Nov. 10, 
1921, pp. 768-771. Review of available data on 
length changes and spontaneous generation of heat in 
hardened steels. Results of preliminary experiments 
on artificial seasoning. Printed by permission of 
Bur. of Standards. 


Automobile Gear. Investigation of Tooth Wear 
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INDEX (Continued) 


Automobile Gear Steels, E. R. Ross.|. Automo 

Industries, vol. 45, no. 18, Nov. 3, 1921, pp 

869, 10 figs Steel with minimum of 0.45 carbon 
that is capable of treatment giving a scleroscope 
hardness of 75 or over is recommended for oil treat 
ing. Specification limits should be close enough to in 
sure uniform results from a standard heat treatment 

Bar, Weight of. Estimating the Weight of Bar 
Steel, Hyman Levine Machy. (N r.), vol. 28 
no. 3, Nov. 1921, p. 190. Formulas for calculating 
approximate weights of various sections and lengths 
of steel 


Cast, Carbonizing Parts. The Carbonizing of Cast 


Steel Parts, William G. Conner Trans. Am. Soc 
for Steel Treating, vol. 2, no. 2, Nov. 1921, pp 
148-149. Writer finds that all parts or pieces should 


be cooled in pots to atmospheric temperature 

Cast, Impact Tests on. Study 
Cast Steel, F. C. Langenberg Iron Trade Rev., 
vol. 69, no. 18, Nov. 3, 1921, pp. 1145-1147 and 1154, 
6 figs Results of investigations on cast 
of varied compositions and heat treatments 
shock strength is shown to be obtained 
phosphorus material 

Crystalline Structure. Crystalline Structure of 
Steel (Stalets kristallbyggnad), Arne Westgren 
Jernkontorets Annaler, vol. 105, no. 10, 1921, pp 
401-430, 8 figs Discusses theory, methods of test 
ing, structure of allotropic modifications of iron, 
structure of hardened steel, etc 


Hardness Formulas. 


Impact Tests on 


steels 
Higher 
from low 


Determines Hardness Formu 
las, E. J. Janitzky. Iron Trade Rev., vol. 69, no. 17 
Oct. 27, 1921, pp. 1079-1081, 3 figs Investigation 
conducted on steel specimens shows that Brinell 
hardness can be computed by use of mathematical 
formulas. Outline of method for deriving formula 
(Abstract Paper presented before Am. Soc. for 
Steel Treating 

Impact Properties. Impact 
Steels, F. C. Langenberg 
vol. 25, no. 20, Nov. 16 
Cylinders of steel 


Various 
Eng 
5 figs 

sectioned 


Properties of 
Chem. & Met 
1921, pp. 910-912 
centrifugal cast, were 


and tested, a set of steel bars, with increasing carbon 
content, and some steel casting were tested after 
various heat-treatments; comparison of impact for 
forged and cast steels 

Liquid, Surface of. The Surface of Liquid Steel, 
Cosmo Johns Engineering, vol. 112, no. 2913 
Oct. 28, 1921, p. 619. Supplementary to previous 


papers by author on appearance of liquid steel as it 
flows from the launder of an acid open-hearth furnace 
and evidence of existence of vapor of iron or steel 
Paper read before British Assn 
Nitrogen in Carburized. Nitrogen in 
Steels, W. E. Ruder and G. E. Brophy 
Met. Eng., vol. 25, no. 19, Nov. 9 
871, 7 figs. Describes micrographic 
detection of nitrogen compounds 
Properties. The Properties of Steel. Eng 
tion, vol. 3, no. 57, Nov. 3, 1921, pp. 417 
Notes on influence of various elements 


Stainless. 


Carburized 

Chem. & 
1921, pp. 867 
methods for 


Produc- 
418, 1 fig 


Stainless Steel for Turbines. Electrician, 


vol. 87, no. 2267, Oct. 28, 1921, pp. 540-541, 5 figs 
Examination after 3471 hours run showed that stain- 
less steel blades, polished and unpolished, were 
practically untouched See also Iron & Coal Trades 
Rev., vol. 103, no. 2800, Oct. 28, 1921, pp. 626-627, 
8 figs., partly on p. 628 

Stainless Steel in Engineering. Eng. & Indus 
Management, vol. 6, no. 17, Oct. 27, 1921, pp. 466 
467, 2 figs Describes demonstration at Thos 


Firth’s & Sons, Sheffield, England, showing behavior 
of turbine blades, made from stainless steel, under 
working conditions See also Eng Production 
vol. 3, no. 56, Oct. 27, 1921, p. 405, 2 figs.; Engineer 
vol. 112, no. 2913, Oct. 28, 1921, pp. 592-594, 
7 figs.; and Engineer, vol. 132, no. 3435, Oct. 28, 
1921, pp. 447-450, 7 figs 
also ALLOY STEELS; CHROMIUM 
MANGANESE STEEL; URANIUM 








STEEL CASTINGS 


Heat Treatment. Heat Treatment Improves 
Castings, Martin M. Rock Foundry, vol. 49, 
no. 20, Oct. 15, 1921, pp. 797-799. Tensile tests of 


unannealed, air cooled and water quenched steel 
castings do not disclose marked difference in strength 
but impact tests show water-quenched product 
excels others 

Welding. The Welding of Steel Castings (Schweissen 
von Stahlformguss), L. Treuheit Stahl u. Eisen, 
vol. 41, no. 39, Sept. 29, 1921, pp. 1361-1366, 
21 figs. Notes on different processes with special 
consideration of electric arc and autogenous welding. 
It is concluded that for steel castings oxygen-acety]- 
ene and fire welding are best processes, and should 
be used exclusively for highly stressed castings 


(Abstract.) Paper before Assn. German Foundry- 
men. 

STEEL, HEAT TREATMENT OF 

Hardening. Discussion of the Hardening of Steel 


and Other Alloys, Oscar E. Harder. Trans. Am. 
Soc. for Steel Treating, vol. 2, no. 2, Nov. 1921, 


pp. 139-147, 1 fig. With particular emphasis on 
important part played by solution and precipitation. 
Hardness Variation. Hardness Variations in Heat- 
Treated Steel, Carle R. Hayward. Chem. & Met. 
Eng., vol. 25, no. 15, Oct. 12, 1921, pp. 695-696. 
Gives some tables of figures for shore center and 
half-way tests showing greater hardness in center. 


Influence of Mass. A Contribution to the Problem of 
the ~~ of Mass in Heat Treatment, E. J. Jan- 
itzky. Trans. Am. Soc. for Steel Treating, vol. 2, no. 1, 
Oct. 1921, pp. 55-62, 3 figs. Writer seeks to show 
that law which relation of mass has to physical proper- 
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ties exists and can be determined mathematically 
Quenching. Efficiency of Various Quenching Med 
iums With Their Practice and Applications, James 
B. Morey. Trans. Am. Soc. for Steel Treating, 
vol. 2, no. 1, Oct. 1921, pp. 63-69, 4 figs Discusses 
effect of brine, oil, sperm, lard, sea or salt water 
Tempering. Notes on Tempering (Remarques sur 
la trempe), L. Grenet La Technique Moderne 
vol. 13, no. 3, March 1921, pp. 104-111, 2 figs 
Criticism of Dejean’s article dealing with factors 


affecting tempering, mechanics of 
tempering iron and various iron and steel 
Close of discussion by P. Dejean 


STEEL, HIGH-SPEED 


tempering 
alloys et« 


Electric Tool. Features of Electric Tool Steel Prac 
tice, W. J. and S. Stuart Green Iron Age, vol. 10S 
no. 17, Oct. 27, 1921, pp. 1061-104, 3 figs Points 
out that standardized shop practice is necessary 
arge ingots are recommended Top pouring 
preferred tor tool steel 

Ingots, Heat Treatment of. The Heat Treatment 
of Heavy Ingots of High Speed Tool Steel (Beitras 
zur Frage der Warmformgebung schwerer Bléck« 
aus Schnellarbeitsstahl), W. Oertel. Stahl u. Eisen 
vol. 41, no. 40, Oct. 6, 1921, pp. 1413-1416, 8 figs 


The formation of cracks with forging of high-speed 
steel ingots is attributed to presence of coarse carbide 
concentrations, whereas observed disintegration of a 
forging in a circular or core part is caused by phe 
nomena in connection with forging in angle saddlk 
Explains how this disintegration can be prevented 


Treatment. How to Make the Most out of High 
Speed Steel, A. J. Wilson Can. Machy vol. 26 
no. 13, Sept. 29, 1921, pp. 35-36. Steel must be 
heated uniformly Tools should not be hardened 


direct from forging operation. Should be 


Tungsten Content, Effect of. Effect of Tung 
Content on the Specific Gravity of High Speed Steel 


annealed 


Sten 


Arthur S. Townsend Trans. Am. Soc. for Steel 
Treating, vol. 2, no. 2, Nov. 1921, pp. 133-138 
Observations made in writer's laboratory tend to 
establish general rule for annealed steels that the 


higher the 
gravity 


STEEL MANUFACTURE 
Enameled Steel. 


tungsten content the higher the specific 


Enameled Steel Manufacture 


Chester H. Jones. Chem. & Met. Eng vol. 25 
no. 19, Nov. 9, 1921, pp. SS3-S86, 9 figs Develop 
ment of glass-lined steel containers; fabricating and 
finishing the steel; mixing and firing the enamel 

STEEL WORKS 

Electrical Development in. Electrical Develop 
ment in Steel Mills, R. B. Gerhardt Iron Age 
vol. 108, no. 18, Nov 3, 1921, pp. 1135-1136 Re 
port of progress during past year Advance in con 


trol equipment 
French, Rebuilding. French Modernize in Re 
building L. Guillet Iron Trade Rev vol. 69 
no. 18, Nov. 3, 1921, pp. 1152-1154 Better equip 


war installed in iron and 
American engineering 
Résumé of restoration 


ment than was used before 
steel works Products of 
skill used in some plant 
Abstract Paper before British Iron & Steel Inst 
Scotland. The Valuation of Steel Works in Scotland 
Colliery Guardian, vol. 122, no. 3169 
1921, pp. S70-871 Evidence given in 


Sept an) 


connection 


with reassessment 

STELLITE 

Use for Cutting Tools. Stellite and Its Use for Cut 
ting Tools e “Stellite et son emploi pour les 
outils de tour L,'Ouvrier Moderne, vol. 4, no. 6 
Sept. 1921, pp. 227-230, 26 figs Properties of 
stellite, degrees of hardness, operating tools, et« 

STOKERS 


Elvin Mechanical Distinctive Features of the 


Elvin Mechanical Stoker Ry. & Locomotive Eng., 
vol. 34, no. 10, Oct. 1921, pp. 259-264, 10 figs 
Details of its construction and operation, and im 


without changing fundamental 
Applied to Mallet locomo 


provements made 
principles of its design 


tives 
Pluto. The Pluto Stoker and Its Development in the 
Last Decade (Der Pluto-Rost und seine Entwicklung 


im letzten Jahrzehnt), H. Pradel. Zeit. fir Dampf 
kessel u. Maschinenhbetrieb, vol. 44, no. 32, Aug. 12 
1921, pp. 249-251, 6 figs Describes improvements 
since 1911 in forced-draft traveling step grate manu 


factured by Pluto Grate Co., Weiss & Meurs, Ltd 


Berlin 


TERMINALS, LOCOMOTIVE 

Oklahoma City. M.K.&T 
at Oklahoma City Ry. Age 
5, 1921, pp. 713-715, 7 figs 
yards have been reconstructed to 
creased business 


TERMINALS, RAILWAY 

Snow and Ice“Handling. Handling Snow 
in Railway Terminals, J. J. Navin Eng. & Con- 
tracting, vol. 56, no. 20, Nov. 16, 1921, pp. 462-463 
(Abstract.) Paper read before Maintenance of 
Way Club of Chicago. 

TEXTILE MACHINERY 

Construction. Machining Operations on Textile 
Machine Parts. Machinery (Lond.), vol. 19, no. 
473, Oct. 20, 1921, pp. 57-62, 14 figs. Review of 
methods employed by British Northrop Loom Co., 
Ltd., Daisyfield, Blackburn. 


TEXTILE MILLS 
Hosiery. 


Improves Its Facilities 
vol. 71, no. 16, Oct 
Engine terminals and 

take care of in 


and Ice 


Durham's New Dyehouse and Steam Plant, 


VoL, No. 

Frederick Albert Hayes. Textile World, vol. 60, 
no. 20, Nov. 12, 1921, pp. 57-63, 9 figs Describes 
equipment of Durham Hosiery Mills, Durham, N.C 
and gives details of mercerizing buildings in cours 
of construction 

Ventilation. Ventilation and Humidification of 
Textile Factories, H. N. Leask Domestic Eng 
Lond vol. 41, no. 34, Oct. 1921, pp. 155-159, 
1 fig Describes an apparatus designed by A. B 
Cleworth meeting all the requirements of humidity 
and ventilation, ete Extract from paper read 


before Rochdale Cotton Spinners’ Mutual Improve 
ment Soc 

THERMODYNAMICS 

Pressure-Volume Chart. Application of the Log 
arithmic Pressure-Volume Diagram to Heat Phe 
nomena Anwendung des logarithmischen Druck 
Volumen-Bildes fir Warmevorgings Korner 
Zeit. fiir angewandte Mathematik w Mechanik, 
vol. 1, no. 3, June 1921, pp. 189-194, 5figs. Describes 
how diagram can be developed, giving theoretical 
and actual logarithmic pressure-volume diagram 
of a Diesel engine, from which temperature and 
entropy for every point can also be directly read 

TIDAL POWER 

Proposed System. Using the Power of the Tides 
L Utilisation de lenergie des marée L. Industrie 
Electrique, vol. 30, no. 702, Sept. 25, 1921, pp 
445-352, 11 figs Discusses the various systems 


proposed, classed as, using the water level, velocity of 


water, or weight of water 

Severn Project. Long Distance Transmission and 
Tidal Power, T. F. Wall Electricia vol. 87, no 
2263, Sept. 30, 1921, pp. 408-410, 3 figs Discusse 
the Severn scheme of the Ministry of Transport for 
an average generation of 500,000 hp. over a 10-hr 
day. Scheme involves d.c. generators driven by water 
turbines; transmission of power to London at 120,000 
V. pressure Electrical difficulties involved Ab 
stract.) Paper read before British Assn 

System for Utilizing. Long Distance Transmission 
of Electrical Energy with Special Reference to Tidal 
Power, T. F. Wall Engineering, vol. 112, no. 2012 
Oct. 21, 1921, pp. 587-5SS8, 3 fig Preliminary out 
line of system obviating difficulty of varying speed 


of turbines, permitting use of ax enerators driven 








directly from turbines, and offering other advantage 
Paper read before British Assn 

TIME STUDY 

Stop-Watch sop Watch Time Stud Doe It 
Promote Industrial Efficiency ker & ’ 
Management, vol. 6, nos. 16 and 17, Oct. 20 and 2 
1921, pp. 437-440 and 463-465 Oct 1) An in 
dictment of the Stop Watch, by Frar B. and L. M 
Gilbreth Defense of stop watch by Carl G. Barth 
ind Dwight \ Merrick in discussion held under 
suspices of Taylor Society 

UNEMPLOYMENT 

Factors Affecting What Construction Can Do for 
the Unemployed, R. C. Marshall I & Contract 
in vol. 56, no. 16, Oct. 19, 1921, pp. 378-379 
Outlines factors vitally affecting unemployment 
emergency and =discuss¢ teps for reviving cor 
struction Memorandum submitted to President 
Unemployment Conference 

URANIUM STEEL 

Microstructure. Uranium Steels, Hugh S. Foots 
Chem. & Met. Eng., vol. 25, no. 17, Oct. 26, 1921 
pp. 789-792, 13 figs Discussion of microstructure 
of steels containing a similar percentage of carbon 
and increasing percentages of wtranium Brief 
description of influence of uranium as an alloy in 


and high-speed steel 


W 


Output. Limitation of Output, 
H M Vernon Eng. & Indus Management, 
vol. 6, no. 16, Oct, 20, 1921, po. 428-432, 3 figs 
Based on chapter in writer's recently published book 
on Industrial Fatigue and Efficiency Includes 
statistical information obtained during war and now 
published for first time Discussion as to what is 
best form of wage and piece-rate payment 

Problems. Wages Iron & Coal Trades 
Rev., vol. 103, no. 2794, Sept. 16, 1921, pp. 395-397 
Paper by W. L. Hichens on ‘‘The Principles by which 
Wages are Determined” and paper by Prof. Kirkaldy 
on “The Wages System and Possible Developments.’’ 


structural 


WAGES 
Limitation of 


Problems 


See also Colliery Guardian, vol. 122, no. 3168, Sept 
16, 1921, pp. 797-798 and p. 805 
ZINC ALLOYS 
Copper-Aluminum-Zinc. Tenax Metal (Tenax- 
ne Willy Schulte. Giesserei-Zeitung, vol. 
nos. 18, 19 and 20, Aug. 9, 16 and 23, 1921, pp. 





58-260, 268-270 and 278-280. Zinc alloy con- 
taining 2 2.88 per cent copper and 4.44 per cent alum- 
inum, developed during war, practicability of which 
was confirmed by official investigations and private 
experiences. Results of tests to determine its value 
for construction of rods, as a substitute for brass. 








